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ABSTRACT 


The fact that human factors analysis has become one of 
the principal elements of systems engineering underscores 
its importance in systems acquisition management today. 
Therefore, instead of justifying the use of human factors in 
systems design, the authors will concentrate on presenting a 
method of human factors application that can be more gain- 
fully employed in the acquisition of naval programs. Addi- 
tionally, the authors will include in their analysis the 
depth of application of human factors engineering and when 
and where it should be applied in the development of a sys- 


tem. 
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I. HUMAN FACTORS IN NAVY WEAPON SYSTEM DESIGN 


A. INTRODUCTION 

The value of human factors engineering in system design 
has long been recognized and will not be debated in this 
thesis. An indication of its importance in Navy systems 
acquisition is evidenced in the Integrated Logistics Support 
(ILS) Guide (DOD 4100.35G). This guide presents a list of 
ten essential elements of ILS, foremost of which are main- 
tainability, maintenance planning, personnel, and training, 
which comprise a large segment of human factors considera- 
tions. Kline (1970) has suggested that the importance of 
human factors engineering is underscored bv its vresentation 
as one of the essential elements of systems engineering. 
However, the actual application of, and dedication to the 
precepts in Navy systems acquisitions is taken as a matter 
of some concern. A primary question involves the stage at 
which Human Factors Engineering should be most manifest, and 
how can the degree of success of Human Factors programs be 


evaluated. 


B. OPERATIONAL EVALUATIONS (OPEVALS ) 

An argument has been made that the emphasis for determin- 
ing the extent of human-engineering-design efficiency should 
rest in Operational Evaluations (OPEVALS) of new systems. 

The concept of "proving worth" and the attitude of "take 


nothing for granted" are basic to operational evaluations 





and to all field testing in general. Human Factors evalua- 
tions are the means by which the performance of hardware, 


procedures, and personnel are observed on a system to verify 


that the man-machine interfaces do what they are supposed to . 


do (Meister & Rabideau, 1967). Operational evaluations as a. 
specific form of field testing possess several advantages in 
contrast to laboratory evaluations. The first advantage is 
the degree of realism that can be brought to the test condi- 
tions since field tests may be the only way to answer certain 
questions about human behavior in real situations (Erdman & 
Neal, 1971). From a human factors standpoint, the completed, 
operational ship is an ideal test environment (as a result of 
the evaluation situation being completely "live") (Lazet & 
Walravon, 1971). The second advantage is in relation to the 
developmental process of a weapon system or support system 
where test tasks conducted toward the end of the developmen- 
tal program generally better reflect the operational tasks 
being examined (i.e. the tests have better "content" valid- 
ity) (Matheny, 1971). 

Two principal disadvantages of conducting human factors 
tests or analyses during operational evaluations deal with 
controlling variables. First, the acceptability of tests 
directly depends on the extent to which duplicate data can 
be obtained from a repeat of the same tests (Meister, 1971). 
This implies that the same test conditions can be du- 
plicated again and again which is not characteristic of op- 


erational testing. It is extremely difficult to repeat a 
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test under the same conditions a second time in a field test 
environment (Matheny, 1971). Therefore, the data obtained 
from operational evaluations is inferior in terms of preci-.. 
Sion and detail to that obtained from controlled testing and, .. 
analytical studies. 
The second disadvantage of conducting human factors 
analyses during operational evaluations is the measureability 
of variables in this operational setting. Results are mean- 
ingful only to the extent that the conditions which produced 
them are known, i.e. the identification of dependent and in- 
dependent variables. For example, human errors are one of 
the most useful criteria in human factors research and yet 
are seldom measured during operational evaluations or any 
other types of field testing. 
"Errors resulting from lack of capability (e.g. 
deficient vision), training, skill, motivation, or 
fatigue would be categorized as operator-induced 
errors." (Meister, 1971). 
It is generally acknowledged that the reason for this is the 
paucity of human errors, i.e. the trouble with error data is ..:., 
the low frequency of such data during test situations (Chapanis, 
L962 . 
"Without such data it is difficult to 
a) assess the importance of error in influencing 
equipment operations; 

b) pinpoint factors in system development which 
could be improved; 

c) predict the operational performance efficiency 
one can expect of a system, where that effi- 


ciency is influenced by personnel errors." 
(Meister, 1971). 


Additionally, the limitations of obtaining error data during 


systems evaluations in the field are compounded by the small 
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number of opportunities to observe such data (Swain, 1969). 
Human error rates are on the order of .001 to .00003 for 
common industrial tasks (Rook, 1962). 

Certainly, operational evaluations provide an opportunity 
to get the most effective indication of the success (or fail- 
ure) of human-engineering-design effects. Perhaps the most 
potent argument against relying too heavily upon OPEVALS for 
human-factor analysis is the fact that effective, economical 
deficiency correction may not be feasible at that stage. Due 
to the complexity of man-machine interfaces and their func- 
tional inter-relationships in a completed weapon system, it 
is generally impossible to rectify human-engineering-design 
shortcomings without completely redesigning and reconforming 
the entire system. This iS an impractical course of action 
when both time and money are considered in this post-—develop- 


ment stage. 


C. PROPER PHASING OF HUMAN FACTORS IN SYSTEM DEVELOPMENT 
Therefore, the authors believe that human-factors consid- 
erations should be applied early in the design phase and con- 
ducted from that point on in the development of a system. 
Evaluation also should be a continuing process, and this re- 
quires application of criteria so that human-factors engi- 
neering can be monitored and controlled. The utilization of 
criteria in an evaluation is or should be an accepted concept. 
For even if criteria are assumed in some tacit manner, eval- 
uation implies the comparison of values to some criteria or 


Standard. From a practical standpoint, the difficulty arises 
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from the hierarchical nature of criteria. On the same sys- 

tem, one may measure system worth on the merits of its con- 
tributions to national defense and another may measure worth -- ~ 
on the time required to repair the system. It seems to be @.=: 5% 
fact of criteria that the more specific, the more quantita- 
tive and the more defensible that a criterion is, the less 

it relates to the question of prime importance. The use of 
criteria in evaluations then is usually a matter of compro- 
mise. Two questions of prime importance that set forth the 
criteria for human factors are: 

1) can the assigned personnel operate the equipment? 

2) can the assigned personnel maintain the equipment? 
Evaluations could be conducted at this level, with opinion as 
the criterion and testing consisting of merely asking the two 
questions. However, a test based on these two questions 
eliciting only opinions would be limited to subjective inter- 
pretations. 

Three more defensible types of criteria have proven use- 
ful for human-factors questions. They are as follows: 1) 
relating human performance to system performance, 2) achiev- 
ing consensus among system personnel, and 3) establishing 
human engineering design criteria. Hoisman and Daitch (1964) 
have suggested that the first of these is applicable in 
fortuitous situations and not as a standard approach because 
of the lack of usable methods for assessing human perform- 
ance within the context of system effectiveness. The use of 


consensus among system personnel is a flexible criterion and 
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has been accepted as a standard approach; however, this ap- 
proach demands the use of types of questionnaires which can 
create difficulties in obtaining objective, valid, and reli- 
able data. The use of human-engineering-design criteria is 
an approach generally applicable to design, testing, and 
evaluation and has been accepted as a general approach. 

The basic documentary guide to human engineering design 
criteria in Navy systems acquisitions is MIL-STD-1472A, 
HUMAN ENGINEERING DESIGN CRITERIA FOR MILITARY SYSTEMS, 
EQUIPMENT AND FACILITIES, the forward to which reads in part: 


"1. This standard establishes general human engineer- 
ing criteria for development of Military systems, 
equipment and facilities. Its purpose is to present 
human engineering design criteria, principles and 
practices to be applied in the design of systems, 
equipment and facilities so as to: 

a. Achieve required performance by operator, 
control and maintenance personnel. 

b. Minimize skill and personnel requirements 
and training time. 

c. Achieve required reliability of personnel- 
equipment combinations. 

dad. Foster design standardization within and 
among systems. 
2. This standard does not alter requirements for 
system development participation of human engineer- 
ing specialists to interpret and implement these 
practices and to provide solutions to human engineer- 
ing problems which arise and which are not specif- 
ically covered herein." 


In Chapter II this thesis will examine this document in 
detail, as well as MIL-H-46855A, which establishes the re- 
quirement for applying human engineering to Navy systems ac- 
quisitions. In addition, the required Human Engineering 
Program Plan, which is the tool for implementing human en- 


gineering requirements will be considered. Therefore, 
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Chapter II will be an overview of what is "laid on" a system 
from a human engineering aspect. 

Chapter III examines the success of human engineering ~ axe) ae 
application in several Navy systems, relative to currently .. wr-iar: 
accepted Human Engineering thoughts as assimilated through  -~ .--~ 
readings indicated in the Bibliography. 

In Chapter IV, an overview of some aspects of the acqui- 
sition process will be presented and recommendations made as 
to where and how human factors considerations may best be 
introduced. 

Chapter V presents a summary of thesis conclusions and 


recommendations. 


PreOoadae ct Vis AND APPROACH 

The primary questions addressed in the present thesis: 

a) Are human factors adequately considered, carefully 
evaluated, and sufficiently and efficiently accounted 
for in all Navy systems? 

b) At what stages of Navy Weapons System development - se 
should Human Factors Engineering be manifest, and 
how? 

The method has been to assimilate current thoughts on 
human factors considerations, examine the requirements ap- 
plied to Navy Weapons Systems, indicate that results have 
been unsatisfactory, and then review the Navy Weapons Acqui- 
Sition cycle and include recommendations as to interfacing 
human factors considerations with the cycle to produce bet- 


ter results. 
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II. NAVY HUMAN FACTORS DIRECTIVES a 


The criteria and requirements for application of human 
engineering to Navy systems acquisitions are embodied in 
MIL-STD-1472A, Military Standard Human Engineering Design =- iar 
Criteria for Military Systems, Equipment and Facilities, and 
MIL-H-46855A, Military Specification Human Engineering Re- 
quirements for Military Systems, Equipment and Facilities. 
These documents firmly establish human engineering as a fac- 
tor in systems acquisition. 

As established in Chapter I, MIL-STD-1472A is the basic 
documentary guide to human engineering design criteria in 
Navy systems acquisitions. It establishes the base line de- 
sign principles, limitations, and essentials nennenee Eo 
achieve functional human engineering considerations in a sys- 
hem, Cquapment or facility. It might be Jooked at as the 
"nuts-and-bolts" document. MIL-H-46855A follows and consists 
of a directive for consideration and application of human han 
engineering principles and criteria (especially noting those 
in MIL-STD-1472A) to Navy systems acquisitions. MIL-H-46855A 
is less specific than MIL-STD-1472A, and presents the con- 
cepts and precepts necessary for proper exercise of human 
factors considerations in systems, and mandates their appli- 
Gation. The normal mechanism for implementing this mandate 
is the contractor's Human Engineering Plan. This chapter 
will be dedicated to consideration of each of these documents 


and plans. 
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A. MIL-STD-1472A 

MIL-STD-1472A consists of a precise statement of the 
general human engineering criteria for development of mili- 
tary systems, subsystems, equipment and facilities, and pre--. 
sents the criteria, principles, and practices necessary to 
achieve mission success through integration of the human 
into the system and to achieve effectiveness, simplicity, 
efficiency, reliability, and safety of system operation, 
training, and maintenance. 

The standard requires that military systems, equipment 
and facilities be designed to provide work environments which 
foster effective procedures, work patterns, and personnel 
safety, and which minimize discomfort, distraction and any 
other factors which degrade human performance or increase 
error potential. Design should also be directed toward mini- 
mizing personnel and training requirements within the limits 
of time, cost, and performance trade-offs. 

The standard further requires that controls, displays, 
marking, coding, labeling, and arrangement schemes (equipment 
and panel layout) be uniform for common functions of all 
equipment. 

The standard directs that the allocation of functions to 
personnel, equipment, and man-machine combinations be based 
on analysis and trade-off studies, including such considera- 
tions as: required sensitivity, precision, time, and safety; 
maximum reliability of system performance; minimum number of 
personnel and skilis required to operate and maintain the sys- 


tem; and time-cost-performance. 
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More specifically, MIL-STD-1472A mandates that the de- 


Sign of military systems, equipment and facilities shall in- 


clude consideration of human engineering, life support, and 


bio-medical factors that affect human performance, including: 


a) 


b) 


c) 


d) 


> 


f) 


g ) 


Satisfactory atmospheric conditions including compo- 
Sition, pressure, temperature and humidity, including 
safeguards against uncontrolled variability beyond 
acceptable limits. 

Safe range of acoustic noise, vibration, acceleration, 
shock, blast, and impact forces and safeguards against 
uncontrolled variability beyond safe limits. 
Protection from thermal, toxicological, radiological, 
electromagnetic, pyrotechnic, visual, and other 
nazalrus. 

Adequate space for man, his equipment, and free volume 
for the movements he is required to perform during 
operation and maintenance tasks under both normal and 
emergency conditions. 

Adequate phySical, visual and auditory links between 
men and their equipment under both normal and emer- 
gency conditions. 

Efficient arrangement of operation and maintenance 
workplaces, equipment, controls, and displays. 
Provisions for insuring safe, efficient task perform- 
ance under reduced and elevated gravitational forces 
with safeguards against injury, equipment damage and 


disorientation. 
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h) 


1) 


J) 


kK) 


1) 


m ) 


n ) 


oO) 


Pp) 


Adequate natural or artificial illumination for op- 
eration, control, training, and maintenance. 

Safe and adequate passageways, hatches, ladders, 
stairways, platforms, inclines, and other provisions 
for ingress, egress, and passage under normal, ad- 
verse and emergency conditions. 

Provision of acceptable personnel accommodations in- 
cluding body support and restraint, seating, rest, 
and sustenance, i.e. oxygen, food, water, and waste 
management. 

Provision of non-restrictive personal life support 
and protective equipment. 

Provisions for minimizing psychophysiological stress, 
and fatigue. 

Design features to assure rapidity, safety, ease and 
economy of maintenance in normal, adverse and emer- 
gency maintenance environments. 

Satisfactory remote handling provisions and tools. 
Adequate emergency systems for contingency management, 
escape, survival and rescue. 

The clothing and personal equipment to be worn by 
personnel operating, riding in, or maintaining mili- 
tary systems or equipment must be considered in the 
design location and layout of workspaces, maintenance 
access, and passenger compartments. The restrictions 
imposed on human performance by clothing and personal 
equipment must also be considered in task allocation 


and control movements. 
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q) Information processing rates, decision-making ef- 

fectiveness, etc. 

It is also stated that equipment shall represent the 
simplest design consistent with functional requirements and 
expected service conditions, and that it shall be capable of 
Operation, maintenance and repair by personnel with a mini- 
mum of training. In addition, a fail safe design will be 
provided in those areas where failure can disable the system 
or result in a catastrophe through damage to equipment, in- 
jury to personnel or inadvertent operation of critical equip- 
ment. 

Another requirement of the Standard is that the design 
of the system reflect the interaction requirements of crew 
served equipment. If more than one crew member must have 
Simultaneous access to a particular group of controls or dis- 
plays in order to insure proper functioning of a system, the 
operator assigned to control and monitor a particular func- 
tion or group of related functions shall have at his disposal 
and within his reach and visual range, all controls and dis- 
plays necessary to adequately fulfill his assignment. 

MIL-STD-1472A also directs that consideration be given to 
safety factors, including minimization of potential human er- 
ror in the operation and maintenance of the system, particu- 
larly under the conditions of alert or battile stress. 

To expand on and delineate these generail requirements, 
the major portion of the standard comprises; a collection of 


detailed requirements. These definitized pihysical criteria 
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include standard dimensions, spatial interrelations, impress 
levels, etc. under such tategories as Control-Display Inte- 
gration, Visual Displays, Auditory Displays, Controls, Label- 
ing, Anthropometry, Ground Workspace Design Requirements, 
Environment, Design for Maintainability, Design of Equipment 
for Remote Handling, Small systems and Equipment, Operational 
and Maintenance Ground Vehicles, and Hazards and Safety. 
Selected examples of .these defined criteria and design limi- 
tations are exhibited in Appendix A. 

As previously noted, the mandate for applying these cri- 
teria in Navy systems acquisitions is basically embodied in 
MIL-H-46855A, which points out the needs for human factors 
considerations and directs their inclusion in Navy systems 


acquisitions. 


B. MIL-H-46855A 

MIL-H-46855A establishes and defines the general require- 
ments for applying the principles and criteria of human en- 
gineering to the development and acquisition of military 
systems, equipment and facilities. These requirements in- 
clude the work to be accomplished or subcontracted by the 
contractor in effecting an integrated human engineering ef- 
fort. Compliance with these requirements form the basis for 
including human engineering during proposal preparation and 
data reporting by the contractor (e.g. such items as flow 
charts, functional allocation tables, operational sequence 
diagrams, link analyses, and task descriptions). The speci- 


fication directs that the principles and criteria of human 
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ere nicéering shall be applied during development and acquisi- 
tion of military systems, equipments and facilities to achieve 
the effective integration of man into the design of the sys- 
tem. Within the parameters established by system, equipment 
and facilities requirements, a human engineering effort 
should be provided to improve the man-machine interface and 
to achieve required effectiveness of human performance during 
system operation/maintenance/control and to make economical 
demands upon manpower resources, skills, training and costs. 
The human engineering effort should include active participa- 
tion in three major interrelated areas of system development: 
1) analysis, 2) design and development, and 3) test and eval- 
uation. 
1. <aAnalysis 

The purpose of analysis is to identify and define 
system, equipments and facilities operations, maintenance, 
training and control functions; to allocate these functions 
to man, equipment, or man and equipment; to analyze tasks 
derived from these functions; to develop human engineering 
design criteria, operation and maintenance procedures, and 
other requirements in the proper format and language for per- 
formance and design specifications and other documentation. 
Human engineering participation in analysis should begin with 
initial system planning and remain a significant element of 
the overall analysis effort. Analysis requirements should 
be incorporated as an integral element of the system engi- 


neering effort. Analytical parameters should be quantified, 
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where possible, and formed to permit cost-effectiveness 
studies of the man-machine interfaces and personnel partici- 
pation in total system operation. The identification of 
human engineering high risk areas should be initiated as 
part of the analysis. The specification delineates specific 
areas wherein analysis Shall include application of human 
engineering techniques. A Synopsis of these areas follows. 
a. Defining and Allocating System Functions 

This involves analysis of the functions that must 
be performed by the system in achieving its objective. Human 
engineering principles and criteria should be applied to 
specify man-equipment performance requirements for system 
operation, maintenance and control functions and to allocate 
system functions to 1) automatic operation/maintenance, 2) 
manual operation/maintenance, or 3) some combination thereof. 
Analyses should be performed to determine basic information 
flow and proceSsing required to accomplish the system objec- 
tive and should include decisions and operations without 
reference to any specific machine implementation or level of 
human involvement. Plausible human roles (e.g. operator, 
maintainer, programmer, decision maker, communicator, monitor) 
in the system should be identified and estimates of process- 
ing capability in terms of load, accuracy, rate and time de- 
lay should be prepared for each potential operator/maintainer 
information processing function. (The initial use of these 
elements would be in determining allocation of functions, 


and then later refinement would permit use in definition of 
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information requirements and control, display and communica- 
tion requirements.) Also useful would be an estimate of the 
effect on these capabilities likely to result from implemen- 
tation or necn-implementation of human engineering design 
recommendations. From projected performance data, cost data 
and known constraints, analyses and tradeoff studies should 
be conducted to determine which system functions should be 
machine-implemented and which should be reserved for the hu- 
man operator/maintainer. 
b. Equipment Identification 

Human engineering principles and criteria should 
be applied along with all other design requirements to iden- 
tify and select the equipment to be operated/maintained/con- 
trolled by man. MIL-H-46855A specifies that the "selected 
design criteria shall reflect human engineering inputs 
to satisfy the functional and technical design requirements 
and to insure that the equipment will meet the applicable 
.criteria contained in MIL-STD-1472." 

c. Analysis of Tasks 

Task analysis should provide one of the bases for 
making design decisions; e.g., determining before hardware 
fabrication whether system performance requirements can be 
met by combinations of anticipated equipment and personnel, 
and assuring that human performance requirements do not ex- 
ceed human capabilities. Such analyses could also be used 
as basic information for developing preliminary manning lev- 


els, equipment procedures, and skill training and communication 
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requirements. Those gross tasks identified during human en- 
gineering analysis which are related to end items of equip- 
ment to be operated or maintained by man and which require 
critical human performance, reflect unsafe practices or are 
Subject to promising improvements in operating efficiency 
Should be further analyzed. Further analysis of critical 
tasks should identify: (1) the information required by man, 
including cues for task initiation; (2) information available 
to man; (3) evaluation process; (4) decision reached after 
evaluation; (5) action taken; (6) body movements required by 
action taken; (7) workspace envelope for man required by ac- 
tion taken; (8) workspace available; (9) location and condi- 
tion of work environment; (10) frequency and tolerances of 
action; (11) time base; (12) feedback informing man of the 
adequacy of his actions; (13) tools and equipment required; 
(14) number of personnel required, their specialty and ex- 
perience; (15) job aids or references required; (16) special 
hazards involved; (17) operator interaction where more than 
one crew member is involved; (18) operational limits of man 
(performance); and (19) operational limits of machine (state 
of the art). Such analysis should be performed for all af- 
fected missions and phases including degraded modes of oper- 
ation. Individual and crew workload analysis should be per- 
formed and compared with performance criteria. 
ad. Preliminary System and Subsystem Design 
Human engineering design principles and criteria 


should be applied to system and subsystem designs represented 
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by design criteria documents, performance specifications, 
drawings and data, such as functional flow diagrams, system 
and subsystem schematic block diagrams, interface control 
drawings, overall layout drawings and related applicable 
drawings provided in compliance with contract data require- 
ments. The specification states that the "approval of those 
documents . . | shall Signify that the system and subsystem 
configuration and arrangement satisfy man-equipment perform- 
ance requirements and comply with applicable criteria speci- 
fied in MIL-STD-1472." 
2. Design and Development 

The human engineering inputs derived from the fore- 
going analysis requirements, as well as other appropriate 
human engineering inputs should be converted into detail 
equipment design features during detail design of equipment. 
Human engineering provisions in the equipment should be eval- 
uated for accuracy during design reviews. Experiments, lab- 
oratory tests (including dynamic simulation), and studies 
required to resolve human engineering and life support prob- 
lems specific to the system should be conducted. Human en- 
gineering and life support problem areas should be noted and 
red-flagged, including the estimated effect on the system if 
the problem is not studied and resolved. Certainly, these 
experiments, laboratory tests, and studies should be con- 
ducted early enough that the results may be incorporated in 
equipment design. At the earliest practic@i point in the de- 


velopment program and well before fabrication of system 
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prototype, full-scale three-dimensional mockups of equipment 
involving critical human performance (such as an aircrew com- 
partment, maintenance work shelter, or a command control 
console) should be constructed. The mockup should be suffi-- 
cient to determine the adequacy of size, shape, arrangement, 
and panel content of the equipment for use by man. In some 
instances, scale models might be substituted for mockups. 
Such mockups and models provide a basis for resolving access, 
workspace and related human engineering problems, and incor- 
porating solutions into system design. In addition, MIL-H- 
46855 specifies that in design area "where equipment involves 
critical human performance and where human performance meas- 
urements are necessary, functional mockups shall be provided" 
(emphasis added). Dynamic simulation techniques should also 
be utilized as a human engineering design tool when necessary 
for the detail design of equipment requiring critical human 
performance. Various models for the human operator, as well 
as man-in-the-loop simulation, should be considered. (While 
the simulation equipment may be intended for use as a design 
tool, its potential relationship to and use as training equip- 
ment should be a consideration in any plan for dynamic simu- 
lation.) Human engineering principles and criteria should be 
applied to equipment drawings during detailed design to as- 
sure that the equipment can be efficiently, reliably, and 
Eeeeily operated and maintained. All drawings depicting 
equipment important to system operation and maintenance by 


human operators should be included. Human engineering 
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principles and criteria should be applied to detailed design 
or work environments, crew stations, and facilities to be 
used by man in the system. MIL-H-46855 indicates that "ap- 
proval of drawings, specifications and other documentation 
of work environment, crew stations and facilities 

shall signify that human engineering requirements are incor- 
porated therein and that the design complies with applicable 
criteria of MIL-STD-1472A."" Since work environments, crew 
stations and facilities affect human performance under normal, 
unusual and emergency conditions, their design should enccom- 
pass the following points: 

a) Atmospheric conditions, such as composition, volume, 
pressure and control for decompression, temperature, 
humidity and air flow. 

b) Weather and climate aspects, such as hail, snow, mud, 
arctic, desert and tropic conditions. 

c) Range of accelerative forces, positive and negative, 
including linear, angular and radial. 

d) Acoustic noise (steady state and impulse), vibration, 
and impact forces. 

e) Provision for human performance during weightlessness. 

f) Provision for minimizing disorientation. 

g) Adequate space for man, his movement, and his equip- 
ment. 

h) Adequate physical, visual, and auditory links between 
men and their equipment, including eye position in 
relation to display surfaces, control and external 


visual areas. 
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1) 


J) 
kK) 


1) 


m) 


n) 


O) 


P) 


q) 


Safe and efficient walkways, stairways, platforms and 
inclines. 

Provisions for minimizing psychophysiological stresses. 
Provisions to minimize physical or emotional fatigue, 
or fatigue due to work-rest cycles. 

Effects of clothing and personal equipment, such as 
full and partial pressure suits, fuel handler suits, 
body armor, polar clothing, and temperature regulated 
clothing. 

Equipment handling proviSions, including remote 
handling provisions and tools when material and en- 
vironment require them. 

Protection from chemical, biological, toxicological, 
radiological, electrical and electromagnetic hazards. 
Optimum illumination commensurate with anticipated 
visual tasks. 

Sustenance and storage requirements (i.e., oxygen, 
water and food), and provision for refuse management. 
Crew safety protective restraints (shoulder, lap and 
leg restraint systems, inertia reels and similar 
items) in relation to mission phase and control and 
Gis pbaysutieiZat don, 


Based upon the human performance functions and tasks 


identified by human engineering analyses, human engineering 


principles and criteria should be applied to the development 


of procedures for operating, maintaining or otherwise using 


the system equipment. Such application should assure that 
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the human functions and tasks identified through human engi- 
neering analysis are organized and sequenced for efficiency, 
safety, and reliability and to assure that the results of 
this effort be reflected in the development of training and: 
technical publications. 
3. Test and Evaluation 

As well as requiring that human engineering criteria 
and principles be applied to concept, design, and develop- 
ment, MIL-H-46855A directs that a human factors oriented 
test and evaluation program be established. Such programs 
would be conducted to: (1) assure fulfillment of applicable 
requirements; (2) demonstrate conformance of system, equip- 
ment and facility design to human engineering design criteria; 
(3) confirm compliance with performance requirements where 
man is a performance determinant; (4) secure quantitative 
measures of system performance which are a function of man- 
machine interaction; and (5) determine whether undesirable 
design or procedural features have been introduced. Human 
engineering testing should be incorporated into the normal 
test and evaluation program and integrated into engineering 
design tests, contractor demonstrations, R&D acceptance tests 
and other major development tests. Compliance with human 
engineering requirements should be tested 2s early as possi- 
ble, and findings from early testing used in planning and 
conducting later tests. All failures occurring during, or 
as a result of, test and evaluation should be subjected to a 


human engineering review to differentiate between failures 
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due to equipment alone, man-equipment incompatibilities and 


those due to human error. The specification directs that 


human engineering portions of all tests include the follow- °°: 


ing (as applicable): 

a) A simulation (or actual conduct where possible) of 
mission or work cycle. 

b) Tests in which participation is critical with respect 
to speed, accuracy, reliability or cost. 

c) A representative sample of non-critical scheduled 
and unscheduled maintenance tasks. 

ad) Proposed job aids. 

e) Utilization of personnel who are representative of 
the range of the intended military user population in 
terms of skills, size, and strength and wearing suit- 
able military garments and equipment which are appro- 
priate to the tasks. 

f) Collection of task performance data. 

g) Identification of discrepancies between required and 
obtained task performance. 

h) Criteria for the acceptable performance of the test. 
Although intended primarily for exploratory, advanced 

and engineering development, the specification might also be 
applied to other efforts. Compliance with the specification 
will provide assurance of positive management control of the 
human engineering effort required in the development and ac- 
quisition of military systems. Specifically, the specifica- 


tion is intended to assure that: 
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a) 


b) 


c) 


d) 


e) 


f) 


g) 


h) 


1) 


J) 


System requirements are achieved by appropriate use 
of the human component. 

Through proper design of equipment and environment, 
the man-equipment combination performs within system 
tolerance limits. 

Design features will not constitute a hazard to per- 
sonnel. 

Trade-off points between automated vs manual opera- 
tion have been chosen for peak system efficiency 
within appropriate cost limits. 

Human engineering applications are technically ade- 
quate. 

The equipment is designed to facilitate required 
maintenance. 

Procedures for operating and maintaining equipment 
are efficient, reliable and safe. 

Potential error-inducing equipment design features 
are minimized. 

The layout of the facility and the arrangement of 
equipment affords efficient communication and uSe. 
The contractors provide the necessary manpower and 
technical capability to accomplish the forenoted 
objectives. 


Hence, MIL-STD-1472A establishes the criteria for and 


MIL-H-46855A mandates the application of human engineering to 


Navy systems acquisitions. For most programs and on individ- 


ual systems contracts, implementation of these requirements 


will be by way of the Human Engineering Program Plan. 
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The Human Engineering Program Plan, in accordance 
with the requirements of specifications, will be submitted n ~ 
as an identifiable and complete entity within the total sys- ©. wit: 
tem or equipment project proposal. The Plan will include a ‘ne Pia 
description of the tasks to be performed, human engineering 
milestones, methods to be used, design concepts to be uti- 
lized, test and evaluation program, and other data. The 
Human Engineering Program Plan will be the basis for contrac- 
tual compliance. As stated in MIL-H-46855A, the Plan "shall 
describe an integrated effort within the total project; it 
shall provide specific information to show what tasks the 
contractor will do to meet specified human engineering re- 


quirements and when he will do these tasks." 


C. HUMAN ENGINEERING PROGRAM PLAN 

This plan is a contractor function, and provides a de- 
scription of how the contractor will incorporate his human 
engineering effort into the system development and acquisi- 
tion. This plan includes definition of human engineering » Spent 
tasks, task schedule, level of effort, documentation and re- 
porting requirements, personnel qualification and assignment, 
and human engineering deliverable end items. This plan con- 
stitutes the implementing document for contractual compliance 
of human engineering efforts. It identifies human engineer- 
ing tasks to be performed by the contractor and delineates 
contractor furnished human engineering data. The plan will 
be used as a basis for monitoring contractor progress and 
will also indicate any need for assistance and/or guidance 


from the service. 
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The Human Engineering Program Plan is further supported 
and expanded by several additional contractor-responsible 


plans, reports, and documents. Most pertinent of these are. - 


the Human Engineering Test Plan, Personnel Planning Informa- penne | 


tion Report, Human Engineering Design Document, Human Engi- 
neering Maintenance/Accessibility Design Report, Task 
Analysis/Task Description Report, Human Engineering Progress 
Report, Human Engineering Test Report, and Human Engineering 
Final Report. 
1. Human Engineering Test Plan 

The Human Engineering Test Plan describes in detail 
the contractors proposed test and demonstration plan which 
will verify the man-equipment interface requirements for the 
operation and maintenance of the system. This plan deline- 
ates a detailed test program to be followed by the contractor 
and it is used to assure completeness of contractor's test 
program and conformance to contractual requirements. The 
plan shall be prepared for systematic and comprehensive test- 
ing necessary to verify that the system can be safely opera- 
ted, maintained and supported by user personnel. It shall 
describe the approach(es) for obtaining data and shall estab- 
lish and explain all standards, tests, associated analyses, 
and other means that will constitute adequate proof upon 
completion of the development phase that acceptable levels 
of human performance, time, accuracy and safety factors can 


be achieved in operational use under specified manning levels. 
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2. Personnel Planning Information Report 


The Personnel Planning Information Report will be 
used by system engineers, human factors engineers, ILS mana- - --~-: 
gers, and others for planning purposes in order to develop :c2- (nn ar 
needed manpower data so that total system manning and train-. wm OMe 
ing estimates can be made. Personnel planning information 
will form the basis of the design approach for systems, 
equipment, and facilities. The definition of this personnel 
planning information is one of Several system engineering 
techniques used to describe the system and major subsystems. 
The report will also be used by the Bureau of Naval Personnel 
for the new acquisition. It will be related to design work 
study inputs and used by the ILS Manager for the total Inte- 
grated Logistic System Program Plan. 

3. Human Engineering Design Document 

The Human Engineering Design Document describes the 
arrangement/layout and detail design of the crew station, 
crew station equipment and all other equipment having an 
interface with the human operator(s)/maintainer(s). It is 
used to: a) determine a technical approach to layout/arrange- 
ment/detail design of the crew station(s) and all equipment ; 
b) evaluate layout/arrangement/detail design of crew station(s) 
and all equipment; and c) evaluate crew station ingress/ 


egress if applicable. 


4. Human Engineering Maintenance/Accessibility Design 
Report 


The Human Engineering Maintenance/Accessibility 


Design Report describes accessibility to equipment for 
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purposes of replacement, inspection, servicing, adjustment, 
and calibration during preventive and corrective maintenance: ~ °- ~ 
at the organizational level, the intermediate level, and the 
depot level. It delineates the human engineering effort i? ae 
applied to ensuring the accessibility of equipment. <— ofS 
5. Task Analysis/Task Description Report 
The Task Analysis/Task Description Report describes 
the results of task analyses performed by the contractor and 
presents task descriptions. The purpose of the report is to 
summarize the work that the operator/maintainer performs and 
to provide a basis for the design of the system, equipment or 
facilities. 
6. Human Engineering Progress Report 
The Human Engineering Progress Report describes the 
status of the contractor's human engineering program. Each 
report is used to transmit human engineering progress, prob- 
lems, and plans for each succeeding reporting period. These 
reports provide evidence that human engineering considera- 
tions are reflected in system design and development and in- 
dicate compliance with requirements for human engineering. 
7. Human Engineering Test Report 
The Human Engineering Test Report will be prepared 
following each major test, evaluation or demonstration and 
shall be submitted to provide evidence that the man-equipment 
interface requirements for the operation and maintenance of 


the system have been met. 
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8. Human Engineering Final Report 


The Human Engineering Final Report summarizes con-) . »o 


tractor's human engineering efforts during design, develop- 


ment, verification, test and evaluation of the system, es 


equipment, or facility. This report also documents decisions 
and trade-offs influencing design configuration. It identi- 
fies remaining human engineering problems, if any, and rec- 
ommends remedial action. The report will be used to evaluate 
the contractor's human engineering efforts and to serve as a 
baseline for application to subsequent system improvements 
and future procurements. 

These documents, then, provide the means of estab- 
lishing and tracking the progress of human engineering con- 


siderations in an acquisition. 


D. SUMMARY 
It has been the intent of this section to establish the 
existence of requirements for, and mechanisms to sufficiently 


implement human engineering in systems acquisitions. The 


next logical step is to inquire if the procedures are applied. 


Are all our systems coming through the acquisition process 

with adequate human engineering? The next section examines 
that question, not exhaustively, but to am extent which may 
hopefully be at least indicative of the degree of success in 


human engineering application to Navy systems acquisitions. 
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III. ERROR CONSEQUENCES AND NAVY CASE STUDIES 


A. ERRORS 

Error as deviation from required performance is the main. 
theme upon which human factors is centered. Errors occur 
because of inadequate considerations during the design and 


development stages of man-machine system (Meister, 1971). 


B. HUMAN FACTORS 
Meister (1971) has suggested that the reason human fac- 
tors has evolved as a distinctive discipline is 


"....'good' design practice by which engineers mean 
the electronic, mechanical, etc. principles which 
they ordinarily apply to solve design problems will 
not be sufficient to deal with most human factors 
design problems. Solutions to these problems re- 
quire a special way of analyzing equipment -- in 
terms of the effect of equipment upon the operator 
as well as the effect of the operator on the equip- 


ment -- and special techniques. This iS why a dis- 
tinctive discipline devoted to solving problems of 
this sort developed." (Meister, 1971). 


To a large extent technology has outpaced the much needed 
considerations of human beings in systems design. Human fac- 
tors engineers must work with other engineers from the outset 
of a project to ensure that the human being is an integral 
part of system design. For those individuals who operate 
systems With human factors design, there is a greater degree 


of job satisfaction and overall efficiency (Meister, 1971). 
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C. ERROR CONSEQUENCES 

Human factors engineers key on understanding and elimin- 
ating operator error through modification of the human fac- 
tors which produce it. The consequences of errors whether 
human, system, or equipment induced can be summarized as 
follows: (Meister, 1971) 

1) accomplishment of the system function or goal is 

delayed 

2) goal of the system cannot be carried out because of 

the operator's failure 

3) equipment mission is not accomplished and the methods 

of carrying it out are temporarily lost 

4) error which hazards the operators or others safety. 

A large percentage of these errors will be eliminated or 
drastically reduced if human factors are considered from the 
outset of a project. If the man-machine interface is ignored 
in system design, the following consequences may occur during 


its development: 


1) during the design phase -- inadequately designed 
equipment 
2) during the production phase -- a) scrapped / reworked 


equipment, b) production delays, c) higher cost, 

d) malfunctioning equipment classified as tune tioning 
3) during a system test phase -- a) delay in system op- 

erations, b) human-initiated malfunctions, c) system 

breakdown, d) failure to accomplish test, e) degra- 

dation in system performance, f) possible danger and 

Hoss Of life 
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4) during the operation of a system -- a) delay in sys- 
tem operations, b) human-initiated malfunctions, 
c) system breakdown, dad) failure to accomplish mission, 
e) degradation in system performance, f) possible 
danger and loss of life. 

The intent of this chapter is to examine the success of 
human engineering programs in Navy systems, given the mechan- 
isms, requirements, and specifications previously established 
in Chapter II. Are human factors adequately considered, 
carefully evaluated, and sufficiently and efficiently ac- 
counted for in all Navy systems? If the aforementioned 
criteria and procedures are sufficient and well implemented, 


the answer to the question should be easily demonstrated. 


D. NAVY CASE STUDIES 

Several programs are presented in summary form. The re- 
sults are representative and are sufficient to indicate the 
lack of total success for human engineering efforts in Navy 
systems acquisitions. 

1. F-14 

The F-14 is a new supersonic fighter type of aircraft 

whose mission is fleet or air defense. The F-14 is designed 
to employ four types of armament: 1) guns or cannon, 2) two 
types of missiles and 3) conventional lay~down types of 


bombs. 


The pilot's control stick has many functions in addi- 
mioweto attitude control, i.e. attitude trim, lateral trim, 


radio activation switch, weapons release, and weapons 
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selector. See Figure 1 on the following page for relative 
positions of additional controls, description of each, and 
how they are activated. 

The pilot could inadvertently activate the wrong 
type of armament which could be disastrous to himself as 
well as to others in his flight. The pilot is already taxed 
to his limit with the other controls just from the mere num- 
ber of motions and actions that his right hand is performing. 
To add a four-position lever type of switch to the simpler 
two-position switches enhances the possibility of selecting 
the wrong armament. Even though there is a "heads-up dis- 
play" which spells out the armament selected, overloading of 
control requirements for the right hand combined with pilot 
stress or fatigue will eventually lead to accidents. 

The Human Factors Guide (1972) points out several 
principles that this switch violates: 

1) controls should be distributed so that no one 

limb is overburdened; 

2) select, locate, and orient controls so that their 
motion is compatible with the movement of the 
associated display element, equipment component, 
or vehicle; 

3) combine functionally related controls to reduce 
reaching movements. (Van Cott, 1972). 

2. Planned Maintenance System (PMS) 
One of the most common and flagrant categories where- 


in requirements are often engendered with an almost complete 


41 





Longitude and lateral 
trim;"coolie hat" design; 
thumb actuated 


Bomb release; 
Weapon selector;four- 
push button ; 
position lever;thumb 
thumb actuated 


actuated 
| O 
©) 
4. 3 


Gun actuation 
(back of stick); 


index finger actuated 


FIGURE 1 F-14 CONTROL STICK DIAGRAM 
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disregard for the total impact on human resources is the 
area of Planned Maintenance Systems (PMS). 

PMS requirements are maintenance task analyses for 
individual hardware systems and are promulgated delineating 
actions required, periodicity of requirements, personnel re- 
quired, and the man-hours that should be involved (given no 
complications) in performance of a given maintenance action. 

The following is an example of how poorly manning 
resources and equipment requirements are jointly considered 
in establishing equipments, manning levels and maintenance 
requirements involved in a single ship. The Weapons Depart- 
ment of a diesel fast attack submarine had a complement of 
two Fire Control Technicians (FTs), and eight Torpedomen 
(TMs). The total PMS package for the Weapons Department (not 
including the Deck Force) would have required three FTs and 
six TMs for approximately twelve hours a day, seven days a 
week to perform the required preventive maintenance. This 
is without considering watch standing and trouble shooting 
requirements. This is an unsatisfactory workload, and Meived 
from ignoring the synergistic effect of compounding systems. 

A human factors concern for the matching of manning 
resources with systems and systems maintenance requirements, 
all in view of mission requirements, should have been able 
to alleviate and rectify this situation, ensuring at least 
the minimal level of all considerations be met. 

The task analysis required by MIL-H-46855A failed in 


allocating maintenance functions to man. 
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One weakness of the present procedure is that it is 
oriented toward the instant contract of a specific system 
(or, in most cases, subsystem) and may tend to fail when the 
integration of numerous such systems or subsystems is ap- 
proached. The application of the ideas of Chapter IV should 
serve to avoid this problem. 

3. AN-SPS-39 Radar 

A DLGN 16 class ship had the SPS-39 radar, consisting 
of 13 electronic equipment cabinets, semi-permanently in- 
Stalled (i.e. bolted) along a wall in the electronic equip- 
ment room. This equipment is very susceptible to overheating, 
and the heat exchangers, fed off the ship's chill water sys- 
tem, were located in back of the equipment. To perform the 
reguisite preventive maintenance on the heat exchangers, the 
equipment had to be dismantled and rolled out from the wall. 
This required the breaking of numerous electronic connections. 
Because of this, the equipment would be out of commission for 
long periods, and an extensive restart procedure involving 
numerous cold checks and double checks and requiring many man 
hours was required. This would not have had an enormous im- 
pact if done by Shipyard personnel during Shipyard availabil- 
ity, as was originally conceived. However, operating schedules, 
in conjunction with Planned Maintenance System (PMS) cyclic 
schedule, necessitated ships crew performance of the preven- 
tive maintenance action. 

Careful human factors consideration during planning 


could have foreseen the operations demand and the infeasibility 
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of PMS support as planned. Also, realizing this infeasibil- 
ity, the simple solution of making -removable wall panels in~- 
the transverse aisle running behind the equipment could have 
mitigated the problem. 

Several precepts of MIL-STD-1472A and MIL-H-468559A 
were violated or ignored in the configuration of this equip-: 
ment: 

1) The enjoinder to provide adequate space for man, 
his equipment, and free volume for the movements 
he is required to perform during operation and 
maintenance tasks. 

2) The requirement for efficient arrangement of 
operation and maintenance workplaces, equipment, 
controls, and displays. 

3) The proviso for design flencunes to assure rapid- 
ity, safety, ease and economy of maintenance. 

4) The call for minimization of potential human er- 
ror in the operation and maintenance of the sys- 
tem. 

The analysis failed in identifying and defining 
equipment maintenance functions and/or in allocating the 
functions to man. 

Evaluation failed to disclose that the equipment and 
installation was not designed to facilitate required main- 


tenance. 
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E. SUMMARY 

The foregoing examination of human factors aspects in 
the Navy demonstrates that the human engineering efforts 
have not been as successful as should be. While these ex- 
amples represent only a small Sample, they are sufficient to 
illustrate the problem. The intent of this chapter was to 
indicate that human engineering in Navy systems acquisitions 
was a problem area that has not been solved. The next chap- 
ter will deal with possible reasons for the faults, and 
recommendations as to how human factors considerations may 
best be interrelated with the systems acquisition cycle to 


produce better results. 
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IV. RECOMMENDED HUMAN FACTORS INTERFACE WITH 


THE NAVY SYSTEM DEVELOPMENT CYCLE 


Chapter III has indicated that human engineering in Navy 
weapons systems has not been as successful as might have 
been expected in spite of specifications which were deemed 
appropriate. Human factors are being omitted from weapon 
systems for two reasons: (1) the tendency to pay only "lip 
service" to the implementation of human factors requirements 
and (2) the uncoordinated timing and degree of human factors 
application in Navy weapon system development. One indica- 
tion that "lip service" is being paid to systems is the fact 
that, in Fiscal Year 1972-1973, Naval Air Systems Command 
had 111 mishaps costing $1,671,000 which were directly attrib- 
utable to human engineering design deficiencies (Sandler, 1974). 

The major fault with human factors application in Navy 
weapon system development is the timing and degree of appli- 
cation of human factors criteria. This chapter considers 
aspects of Navy weapons development and establishes recom- 
mendations as to where and how human factors should be inter- 


faced. 


A NAVY SYSTEM DEVELOPMENT 

The process by which a new Navy system is conceptualized 
and designed, or an existing system modified, is the Navy 
Weapons system development cycle. This cycle structures the 


development of complex systems from general requirements for 
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the particular system to the actual operation of system com- 
ponents. The cycle comprises an orderly progression of sys- 
tem definition, in an iterative fashion, through various 
phases of system development. The first three phases of the 
cycle are: 

1) The Requirements Phase which establishes system re- 
quirements and constraints, conceives of alternate 
design approaches, and selects the optimum configu- 
ratron. 

2) The Conceptual Phase which details the techniques 
and technologies required to satisfy system require- 
ments and evaluates the overall expected effective- 
ness of the system. 

3) The Design and Advanced Development Phase which in- 
cludes the determination of system specifications, 
operational and maintenance concepts, interfaces, and 
system support requirements. 

Only these three phases will be described in the thesis 

Since they structure the system, all subsequent phases being 
concerned with system fabrication, test, and implementation. 


Refer to figure 2, following page. 


B. REQUIREMENTS PHASE 

Successful accomplishments of complex naval weapons sys- 
tem ‘development requires several interlocking phases. The 
first phase in the Navy's Weapons System Development Cycle, 
the Requirements Phase, broadly defines those capabilities 
that are required for successful military operations in the 
intermediate or distant future. Systems are envisioned 
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which define need capabilities to meet or surpass a possible 
threat or successfully complete a mission. These conceptual 
Systems are refined by way of a developmental sequence which 
starts with a statement of general need and proceeds to a 
definition of a specific requirement. The next step is to 
develop approaches by which the capabilities may be acquired. 
For example, Navy planners define the threat posed to the 
fleet by enemy missiles as a sufficient distance to allow 
necessary defensive maneuvers. This threat potential might 
be further refined to a specific requirement for a new elec- 
tronic warfare system which has the specific capabilities of 
detecting enemy missiles without compromising a ship's posi- 
tion, jamming the missile radar, warning other ships in the 
vicinity, and activating anti-missile missiles. The require- 
ments, both general and specific, which might be considered 
a response to a mission analysis would be further developed 
into a conceptual system. Proposed approaches to feasible 
systems are developed which include: 

1) Identification of the state-of-the-art technologies 
which would be potentially capable of producing such 
a system. 

2) Development of operational requirements for the pro- 
posed system which include a full range of conditions 
under which the system might be required to operate. 

3) Identification of alternative system configurations 


which would bring about the desired result. 
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In general, the above represents the procedure by which 
the Navy conceptually develops a new weapons system. These 
initial developments occur in an organized manner during the 
Requirements Phase. 

Development of operational requirements includes four 
planning documents or phases: 1) the force and mission spon- 
sor plan, 2) the science and technology objectives, 3) the 
advanced system concepts, and 4) the operational require- 
ments. 

1. Force and Mission Sponsor Plan (FMSP) 

The FMSP represents the initial step in the Navy's 
Weapon System Development Cycle. It may state the need for 
a new weapon system or an improvement for an existing one. 
It defines what threats or missions are likely to exist and 
provides the Navy with an operational concept. The FMSP de- 
scribes the Navy's requirements during a period of five to 
fifteen years in the future. It may be indefinite in the 
case of a completely new concept, or it may be well aeeaned 
and specialized in the case of an improvement in an existing 
system. The FMSP may be developed as a result of several 
sources, such as: 

a) an analysis of a possible threat; 

b) an advance in technology; or 

c) an output or by-product of another system. 

No attempt is made to define or allocate constituent 
elements. In reality, the system does not yet exist, as 
minimum information requirements to initiate system design 


have not yet been conceived. 
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Human factors specialists have attempted to increase 
their contribution in this planning phase through develop- 
ment of Personnel Facts for Navy Planners (Whittenburg and 
Wise, 1966). This planning document would provide naval 
planners with a concise compilation of personnel data on the 
current midrange and long range naval manpower status. 

2. Science and Technology Objectives (STO) 

The STO describes in broad terms the Navy's needs 
and problems requiring research and development solutions, 
and are based on the Navy's role, objectives, and threat 
anticipated in the ten to twenty year future time frame. 
One STO is developed and maintained for each of the warfare 
or support areas shown under the following four Research, 
Development, Test, and Engineering (RDT&E) planning cate- 
gories: 

1) Strategic Deterrence 

a) Sea-based strategic warfare 
2) Sea Control 

a) Anti-air warfare 

b) Anti-Submarine warfare 

c) Anti-ship warfare 

d) Mine warfare or Mine countermeasures 
3) Projection of Power Ashore 

a) Amphibious warfare 

bpp Tactical warftare,ashore 


ec) Special warfare 


O2 





4) Mission Support 
a) Personnel/Medical 
b) Support, logistics and underway replenishment ° 
c) Ocean surveillance 
ad) Command, control, and communications 
3. Advanced Systems Concepts (ASC) : 

The ASC provides methods for implementing the STO or 
FMSP. ASCs are arranged according to the fiscal year in 
which the system could be ready, from a technological stand- 
point, for initiation as an advanced development project. 
Each ASC will address a particular problem of, or an oppor- 
tunity for a specific new capability for the Navy. Analysis 
and review result in possible solutions to the STO, which 
are documented by ASCs prepared by the various Systems Com- 
mands. 

The human factors objectives during this planning 
phase are presented below. These objectives comprise the 
areas in which human factors specialists must be involved in 
the preparation of the development proposal. 

a. Analyze the System Requirements 

Requirements represent the system in its most 
basic form. This step translates mission requirements or 
objectives into system functional requirements. Ideally, 
the products of requirements analysis should be in measurable 
terms with specific tolerances and quantities. However, 
this goal frequently is not met, and definitive system out- 


puts wait until feasibility of various proposed design 
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solutions has been explored. At this stage in the system 
development Sequence, it is probably better not to make a 
decision concerning a particular solution but to recognize 
its utility in fashioning the eventual solution. At this 
point, hardware is not yet in the cycle. There must be 
additional iterations of the system and many design solutions 
before the hardware becomes operational. 
Representative products of requirements analysis 
include: 
1) organization of the system 
2) system mission specification 
3) identification of constraints imposed on the 
system 
b. Analyze the System Functions that Can or Must Be 
Performed by Man 
The purpose of this step in the development cycle 
is to decide when, where, and how men will be used in the 
system and what they will do. The success of this step often 
depends upon the information available concerning effective 
utilization of man, machine, and man-machine combinations. 
Categories of information required for functional allocations 
are therefore: 
1) general capabilities of men 
2) general capabilities of machines, and 
} 3) general manner in which the man-machine will 


be interfaced. 
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Gross allocation of functions is accomplished 
through identification of all system operations, maintenance 
and support functions and their general sequences. A deci- 
sion must then be made as to how man and machine may be 
utilized in a complementary manner to produce the desired 
outcome. An additional output of this effort is the provi- 
sion of valuable inputs for personnel subsystem development 
concerning operation, maintenance, and support functions. 

In order to assess the implications of these 
functions in terms of the number of personnel required, the 
capabilities that these personnel would be required to pos- 
sess, and the training demands necessary to develop these 
capabilities; each function must be related to the Navy's 
abilities in personnel requirements. 

4. Operational Requirement (OR) 

The OR is a brief concise statement of operational 
needs, defined in the context of opposition forces and time 
frame limits. The operational problem set forth in the OR 
is to discuss the deficiency in present capability and con-~° 
sequences of not satisfying the operational problem. The 
concept behind the OR is for it to indicate compatability 
muah other systems or forces, including U.S. Allies. This 
document further amplifies the operational problem with a 
statement concerning whether or not the employed system 
ee roys., neutralizes, aborts or avoids threat. The OR also 
indicates any special logistic and training support consid- 


erations needed (OPNAVINST 5000.42). 
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The OR indicates, using current technological state- 
of-the-art or judgments for the threat period being consid- -.. 
ered, the criteria anticipated to be available for the OR 
system, component, or support system. These criteria may 
force some of the technological advances through a statement 
of the performance goals desired for the development to per- 
form an intended mission. The OR should state an achievable 
level of performance below which the development will not be 
acceptable (floor) to preclude the expenditure of funds for 
marginal increases in capability. Additionally, the OR 
should include a statement of the desired performance level 
(ceiling) suitable to the operational requirements of the 
system in order to preclude the expenditure of funds for re- 
Tinement in excess to operational needs (OPNAVINST 5000.42). 

The major human factors project during this phase is 
to develop gross task data. These gross task data are pro- 
duced as a further iteration of gross allocation of functions 
to man and machines. Even though a formal and detailed task 
analysis will not have been performed, gross task data will 
be produced. 

Gross task analysis evaluates the major tasks re- 
quired and emphasizes the display or situational features of 
behavior while the refined tasks analysis emphasizes the 
control or response behavior (Miller 1953). Information de- 
veloped in this stage include the following: 

a) tasks to be performed and sequence of tasks 


by display descriptions for information presentation 
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c) display critical values 

dad) decisions to be made in the operational sequence 

e) major subtasks under each task 

f{) characteristic errors or possible malfunctions. 

The information which has been developed during this 
phase provides information for technical development data 
banks, and also provides information for the human engineer- 


ing design and personnel planning data banks. 


C. THE CONCEPTUAL PHASE 

During the Requirements Phase ideas for a system are set 
forth and analyzed and in the Conceptual Phase the formulated 
ideas are translated into proposals for system design and 
implementation. 

The Conceptual Phase is initiated by the Navy Develop- 
ment Concept Paper (NDCP) and represents a further refine- 
ment of the system which was formulated in the Requirements 
Phase. In this phase a Development Proposal (DP) is used as 
a foundation for the NDCP. The DP summarizes the functions 
which must be performed to satisfy the broad requirements of 
the OR. 

The Development Proposal describes alternative approaches 
investigated and includes relevant, previous test results. 
The proposal points out comparative advantages or disadvan- 
tages of each See te or reasonable alternative consid- 
ered. The DP further describes logistic Support approaches 
which identify significant impact on personnel skill levels 


and numbers. 
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The following information is included in the Development 
Proposal as applicable: 

a) Estimated development cost and arena ageer sian. 

b) Estimated unit cost of production model (design-to- 

cost ) | 

c) Estimated development or production schedules 

d) Indicate risks of failure with respect to performance, 

military value, cost and schedules 

e) Indicate relation to’ "High-Low" mix and expected 

utilization in fleet modernization for future ship 
and aircraft classes, types, or models 

i) Estimated acenes of relative improvement over exist- 

ing systems. 

Additional factors which are fob considered in the 
Development Proposal are as follows: 

| a) logistics 

b) training 

c) environmental impact 

ad) human factors engineering 

The Development Proposal formally responds to an Opera- 
tional Requirement and is prepared through an informal dia- 
logue between the sponsor and procuring activities. 

The next step in the Conceptual Phase involves’ the Navy 
Development Concept Paper. The NDCP document defines pro- 
gram issues, considerations which support operational needs, 
program objectives, program plans, performance parameters, 


areas of risk, and development alternatives. The NDCP 
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supports and promulgates CNO decisions to initiate conceptual 
development programs and establish appropriate Advanced/ 
Engineering Development line items. The NDCP approval only 
authorizes extended systems planning and conceptual effort, 
within Navy authorization funding level as identified in the 
CNO approved program, and as ratified by ASN (R&D), until 
program initiation approval is received. 

Activities which should be accomplished by human factors 

personnel during the NDCP formulation are as follows: 

a) further refinement of the man-machine interfaces as 
more detailed information becomes available; 

b) further refinement of the sequences of operations, 
maintenance functions and their interrelationships 
as more detailed information becomes available; 

c) calculation of the gross external load and load-time 
phasing to be placed on the system. This activity 
includes the development of information to determine 
whether the system can be operated, maintained and 
supplied under all conditions. This is often accom- 
plished by determining if the system will function 
under the worst possible conditions; 

gd) determination of preliminary manning estimates and 
organization structure. Preliminary manning esti- 
mates are a fairly late product in the system devel- 
opment cycle; however, the basis for specifying 
manning requirements extends back to the functional 


Gescription of the system. Some of the other sources 


o9 





of data for the preliminary manning estimates in- 
clude the following: 
1) Manning requirements for previously developed 
similar systems 
2) Operational and maintenance concepts and gross 
task data 
3) System design configuration 
4) System operator or maintainer information and 
performance requirements; 
e) provide preliminary training estimates; 
f) identification of new Naval enlisted classification 
codes (NEC). Identification of new NECs represents 
a product of all the previous human factors informa- 
tion developed for the system. It is a result of 
comparing what might be described as a preliminary 
position descriptions with the current NEC descrip- 
tions. The analyst then determines whether the re- 


quired positions are the same as existing positions. 


D. ADVANCED DEVELOPMENT 

Iterations of system development are continued and earli- 
er steps are further refined. The system has already been 
proven to be feasible both technically and economically and 
attention is now directed toward detailed system design. 

The system development objectives to be conducted in this 
phase include: 

a) Preparation of electronic and mechanical design 


specifications for equipment; 
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b) 
c) 


da) 


S 


f) 


g ) 


h) 


a) 


J) 


k) 


Development of operational and maintenance concepts; 
Establishment of interfaces between equipments, and 
the physical interfaces between personnel and equip- 
ment in terms of displays, controls, and communica- 
tion requirements; | 

Selection or design of components for equipment pro- 
duction; 

Development of Personnel Planning Information (PPI) 
concurrently with system design specifications; 
Development of packaging specifications; 

Fabrication of the prototype of initial configuration 
equipment ; 

Development of test and checkout requirements; 
Development of logistic requirements; 

Establishment of quality assurances and equipment 
modification programs; 

Documentation of design specifications and technical 


manuals. 


Human factors requirements during advanced development 


should include the following activities: 


1} 
2) 


Evaluation of whether the system is operable. 
Development of training plans. (Training plans en- 
compass detailed definition of the methods to be 
utilized in accomplishment of all types of training 
necessary to operate, maintain, and support a new 
system.) This plan is required to ensure that a 
training project will provide sufficient trained 


personnel when the system becomes operational. 
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3) Refine training requirements. Training requirements 
are refined as further advanced information becomes 
available and additional design decisions are made. 

4) Refine manning and selection requirements. Manning 
and selection requirements are refined as further 
advanced information becomes available and addition- 
al design decisions are made. 

The majority of the advanced development phase is cul- 
minated in the Project Master Plan (PMP). This document 
provides uniform guidance for work planning and scheduling, 
and basic documentation which coordinates related command 
efforts for a specific project. The scope, depth, and de- 
tail of the planning effort required for a major project 
varies with the capability to be produced, its complexity, 
magnitude, and schedule. Guidance for the preparation of 
PMPs does not attempt to precisely prescribe the planning 
effort required for each individual project. Project manag- 
ers are encouraged to remain flexible in tailoring the 
scope, depth, and detail of their planning efforts to suit 
the particular needs of the project development. The project 
Manager must determine for his particular project the opti- 


mum depth and detail of planning needed. 


E. » SUMMARY 

This chapter has presented recommendations for interfacing 
human factors with the Navy's current weapon-system-develop- 
ment cycle. Conclusions and recommendations are summarized 


in the following chapter. 
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V. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 


Requirements and directives for human factors in the 
Navy as presented in Chapter II are adequate and detailed 
guidelines, within the limit of their scope. However, as 
indicated in Chapter III, there is a lack of human factors 
considerations early in design development of Naval weapon 
systems. Chapter IV presented the proper phasing of human 
factors with the current Navy system development cycle. The 
authors are presenting the human factors interface with the 
Navy system development cycle aS a summary of recommended 


actions to be taken at distinct stages in system development. 


A. REQUIREMENTS PHASE 
1. Force and Mission Sponsor Plan 
a. Human factors application through development of 
Personnel Facts for Navy Planners (Whittenburg 
and Wise, 1966) 
2. Science and Technology Objectives 
a. Gathering possible human factors data for tech- 
nology base 
3. Advanced Systems Concepts 
a. Analyze system requirements 
b. Analyze system functions that can or must be 
performed by man 
Gl) eeneualecapabil itl es oi amen 


(2) general capabilities of machines 
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(3) general manner in which the man-machine 

will be interfaced 
4. Operation Requirement 
a. Develop gross task data 

(1) tasks to be performed and sequence of tasks 

(2) display descriptions for information pre- 
sentation 

(3) display critical eee 

(4) decisions to be made in operational sequence 

(5) major subtasks under each task 


(6) characteristic errors or possible malfunctions 


B. CONCEPTUAL PHASE 
1. Development Proposal 
a. Functions of the system spelled out 
2. Naval Development Concept Paper 
a. Further refinement of man-machine interfaces 
b. Further refinement of sequences of operations 
ec. Calculation of the gross external load 
d. Determination of preliminary manning estimates 
and organization structure 
(1) manning requirements for previously developed 
Similar systems 
(2) operational and maintenance concepts and 
pross task data 
(3) system design configuration 
(4) system operator or maintainer information 


and performance requirements 
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e. Provide preliminary training estimates 
f. Identification of new Naval enlisted classifica- 


tion codes (NEC) 


C. ADVANCED DEVELOPMENT 
1. Project Master Plan 
a. Evaluation of whether the system is operable 
b. Development of training plans 
c. Refine training requirements 


dad. Refine manning and Selection requirements 


Human engineering in Navy systems acquisitions has not 
been as successful as it could be. The requirements are not 
really lacking, but the overall philosophy and imposition of 
human factors concerns on the system acquisition process is 
weak. A careful, considered input of human factors consider- 
aions throughout a system's development is required to 


achieve the necessary human factors objectives. 
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APPENDIX A 
EXCERPTS FROM MIL-STD-1472A, 
SECTION 5: DETAILED REQUIREMENTS 


§.2 VISUAL DISPLAYS - 


3.2.1 General Visual displays should be utilized to provide the 
operator with a clear indication of equipment or system conditions for 
operation under any eventuality commensurate with the operational and 
maintenance philosophy of the system under design. 


5.2.1.1 Display Illumination. - When the degree of dark adaptation 
required is not maximum, low brightness white light (preferably integral), 
- adjustable as appropriate, shall be used; however, when the maximum 
degree of dark adaptation is required, low brightness red light (greater 
than 600 nm) shall be provided (nm = nanometers). 


§.2.1.2 Information 


§.2.1.2.1 Content. - The information displayed to an operator shall be 
limited to that which is necessary to perform specific actions or to 
make decisions. 


5.2.1.2.2 Precision. - Information shall be displayed only to the degree 
Grmepecitficity end precision required for’s.specific operator actica sz 
Gecision. 


§.2.1.2.3 Format. - Information shall be presented to the operator in 
a directly useable form. (Requirements for transposing, computing, inter- 
polating, or mental translation into other units shall be avoided.) 


5.2.1.2.4 Redundancy. - Redundancy in the display of informaticn to a 
single operator shall be avoided unless it is required to achieve specified 
reliability. 


§.2.1.2.5 Combined Information. - Information necessary for performing 
different activities (e.g., operation and troubleshooting) shell not 
simultaneously appear in a single display unless they are comparable 
functions requiring the same information. 


§.2.1.2.6 Display Failure Clarity. - Displays shall be so designed that 
failure of the ey or display circuit will be immediately apparent to 


the operator. 


§.2.1.2.7 Disolay Circuit Failure. - Failure of the display circuit shall 
mot cause a failure in the equipment associated with the display. 


§.2.1.2.8 Unrelated Markings. - Trademarks and company names or other 


similar markings not related to the panel function shall not be displayec 
on the panel face, 
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5.2.1.3 Location and Arrangement. 


5.2.1.3.1 Accuracy. = Displays shall be located and designed so that 
they may be read to the degree of accuracy required by personnel in the 
normal operating or servicing position. 


5.2.1.3.2 Access. - Ladders, supplementary lighting, or other special 
equipment should not be required in order to gain access to or to read 
a display. 


5.2.1.3.3 Orientation. - Display faces shall be perpendicular to the 
operator's normal line of sight whenever feasible and shall not be less 
than 45° from the normai line ot sight (see Fig, 1). Parallax shall be 
minimized, 


5.2.1.3.4 Reflectance. - Displays shall be constructed, arranged, and 
mounted to prevent reduction of information transfer due to the reflecte- 
ance of the ambient illumination from the display cover. Reflection of 
instruments and consoles in windshields and other enclosures shall be 
avoided. If necessary, techniques (such as shields) shall be employed 
to insure that system performance will not be degraded. 


§.2.1.3.5 Vibration. - Vibration of visual displays shall not degrade 
user performance below the level required for mission accomplishment. 


5.2.1.3.6 Grouping. - All displays necessary to support an operator 
activity or sequence of activities, shall be grouped together. 


5.2.1.3.7 Function and Sequence. - Displays shall be arranged in 
relation to one another according to their sequence of use or the 
functional relations of the components they represent. They shall be 
arranged in sequence within functional groups whenever possible to 
provide a viewing flow from left to right or top to bottom. 


5.2.1.3.8 Frequency of Use. - Displays used most frequently should be 
grouped together and placed in the optimum visual zone (see Fig. 2). 


5.2.1.3.9 Importance. - Very important or critical displays shall be 
placed in a privileged position in the optimum projected visual zone or 
otherwise highlighted. 


5.2.1.3.10 Consistency. - The arrangement of displays shall be 
‘consistent in principle from application Co application, within the 


limits specified herein. 


— 
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Figure 2. VERTICAL AND HORIZONTAL VISUAL FIELD 
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5.3 AUDITOKY DISPLAYS - 


5.3.1 General 


2.3.1.1 Application. - Auditory displays should be provided under the 
following conditions: 


a. The information that is to be processed is short, simple, and 
transitory requiring immediate or time-based response. 


b. The common mode of visual display is restricted by over- 
burdening; ambient light variability or limitation; operator mobility; 
degradation of vision by reason of vibration, high g-forces, hypoxia, 
other environmental considerations; or anticipated operator inattention. 


c. The criticality of transmission response makes supplementary 
or redundant transmission desirable. 


d. It is desirable to warn, alert, or cue the operator to sub-~ 
sequent additional response. 


e. Custom or usage has created anticipation of auditory display. 
£f. Voice communication is necessary or desirable. 


5.3.1.2 Signal Type. - Each situation requiring an auditory presenta~ 
tion shall be carefully evaluated to determine the optimum type of 
signal for that presentation, taking into consideration the criteria for 
different types of audio signals presented in Table III. 


5.3.1.3 False Alarms. - The design of audio display devices and cir- 
cuits shall preclude false alarms. 


5.3.1.4 Failure. - The audio display device and circuit shall be 
designed to preclude warning signal failure in the event of system or 
equipment failure and vice versa. : 


- —- pe oe 


5.3.1.5 Aircrew Stations. - Auditory signals for air crew stations 
shall conform to MIL-STD-411, where applicable. 


5.3.1.6 Special Applications. - Auditory displays such as sonar and . 
electronic counter measures shall be inade compatible with the criterla 


stated herein. If system design precludes following such criteria, re- 
quirements for deviations shall be based upon the specific application. 


5.3.2 Auditory Warning Devices 
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TABLE II]. FUNCTIONAL EVALUATION OF AUDIO SIGNALS 


FUNCTION 


QUANTITATIVE 
INDICATION 


QUALITATIVE 


INDICATION 





TRACKING 


GENERAL 





STATUS 
INDICATION 


COMPLEX SOUNDS 
(Non- fae ONE Ee 







TONES 
been eeeeic) __ 


POOR 


SPEECH 





POOR 





GOOD 



















Maximum of 5 to 6 
tones absolutely 
secognizable. 






Minimum time and 
error in obtaining 
exact value in terms 
compatible with 

response. 


Interpolation be- 
tween Signals in- 
accurate. 















POOR GOOD 





POOR-TO- FAIR 















Information concern- 
ing displacement, 
direction, and rate 
presented in form 
compatible with re- 
quired response. 


Difficult to judge 
approximate value 
and direction of 
deviation from null 
setting unless pre- 
sented in close 
temporal sequence. 


Difficult to judge 
approximate devi- 
ation from de- 
sired value. 





























GOOD GOOD 





POOR 










Inefficient; more 
easily masked; 
problem of repeat- 
ability. 


Especially suitable 
for irregularly 
occurring signals 
{e.g., alarm sig- 
nals). 


Start and stop tim- 
ing. Continuous 
information where 
rate of change of 
input is low. 
































FAIR 





POOR GOOD 
















Meaning intrinsic 
in signal. 


Required qualita- 
tive indications 
difficult té pro=- 
vide. 


Null position eas- 
ily monitored; 

problem of signal- 
response compati- 
bility. 












Most effective for 
rapid (but not auto- 
matic) communicatica 
of complex, multi- 
dimensional iniorma- 
tion. Meaning in- 
trinsic in signal 

and context when 
standardized. ?fini- 
mum of new lears:rgZ 
reauired 


Some sounds avail- 
able with commen 
meaning (e.g.. fire 
bell). Easily 
generated. 






Good for automatic 
communication of 
limited information. 
Meaning must be 
learned. Fasily 
generated. 
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9-3.2.1 Warning Signals. - Audio signals should be provided as 
mecessary to warn personnel of impending danger, to alert an operator 
to a critical change in system or equipment status, and to remind the 
operator of a critical action or actions that must be taken. NOTE: 
Certain audio signals have been standardized for aircraft use by joint 
service and international agreement. Stipulation of audio signals for 
future aircraft design should be in consonance with these agreements 
(see MIL-STD-411). 


5.3.2.2 Nature of Signals. - Audio warning signals should normally 
consist of two elements: an alerting signal and an identifying or 
action signal, 


5.3.2.2.1 Two-phase Signal. - When reaction time is critical and a 
two-phase signal is necessary, an alerting signal of 0.5 second duration 
shall be provided. All essential information shall be transmitted in 
the first 2.0 seconds of the identifying or action signal. 


5.3.2.2.2 Single-phase Signal. - When reaction time is critical, signals 
shall be of short duration. If a single-phase signal is permissible, all 
essential information shall be tran ‘*ted in the first 0.5 second. 


5.3.2.3 Caution Signals. - Caution signals shall be readily distinguish- 
able from warning signals anc shall be used to indicate conditions req- 
uiring awareness but not necessarily immediate action. 


5.3.2.4 Relation to Visual Displays. - When used in conjunction with 


visual displays, auditory warning devices shall be supplementary or 
Supportive in nature. The auditory signal shall be used to alert and 
direct operator attention to the appropriate visual display. 


5.3.2.5 Use With Several Displays. - One audio signal may be used in 
conjunction with several visual displays, provided that immediate discrimi- 


mation is not critical to personnel safety or system performance. 


5.3.2.6 False Alarms and Failures. - The desigtm of audio-warning devices 
should minimize the possibility of false alarms. Circuitry shall be designed 
to preclude warning signal failure in the event of systems, equipment or 
power failure. 


5.3.2.7 Circuit Test. - All audio-warning devices shall be equipped 
with circuitry test devices or other means of operability test. 


5.3.3 Characteristics of Audio Warning Signals 
5.3.3.1 Frequency 
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5.3.3.1.1 Range. - The major concentration of energy in audio warning 
devices shall be between 250 and 2,500 hertz, and the signal shall be 
identifiable on the basis of components biel 2,000 hertz. The selection 
of the frequency band shall be in accordance with other ee in cuis 
section, 


3.3.3.1.2 Spurious Signals. - The frequency of a warning tone shall be 
-different from that of the electric power employed in the system, to 
preclude the possibility that a minor equipment failure may generate a 
spurious signal. 


- Sy: Intensity 


2.3.3.2.1 Compatibility With Acoustical Environment. - The intensity, 
duration and source location of aural alarms and signals shall be 
Selected so as to be compatible with the ecoustical environment of the 
intended receiver as well as the requirements of Other personnel in the 
Slgenal areas, 


9.3.3.2.2 Maximum Sound Pressure Level, - The sound: pressure level of 
the audio warning shall be at least 20 dB above the maximum anticipated 
ambient noise level at the frequencies of the warning signal but shall not 
exceed the maximum exposure levels specified in paragraph 5.8.3.1. 


§.3.3.2.3 Use of Headsets, - Where the ambient noise level will exceed 
100 dB, audio warning signals shall be presented through the operator's 
headset, 


p30 3.2.4 Discomfort. - Audio warning signals should not be of such 
intensity as to cause discomfort or "ringing" in the ears as an after- 
effect. 


5.3.4 Sienal Characteristics in Relation to Operational Conditions ar:d 
Objectives 


3.4.1 Presid ity. - Where audibility is a critical factor, a signal- 
to-noise ratio of approximately 10 dB at the audible frequency band in 
which the background noise is lowest shall be provided. 


2.3.4.2 Alerting Capability | 
§.3.4.2.1 Attention. - Signals with high alerting capacity should be 


provided when the system or equipment imposes a requircment on the / 


Operator for concentration of attention. Such signals snall not, howe 
ever, be so startling as to preclude appropriate responses or interfere 
with other functions by insistently holding attention away from other 
Critical signals. 


oo 
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§.3.4.2.2 Onset and Sound Pressure Level. - The onset of critical 
alerting signals should be sudden, and relatively high sound pressure 
level should be provided within the maximuin sound pressure level Jimits 
specified herein. 


5.3.4.2.3 Dichotic Presentation. - When earphones wili be worn in the 
operational situation, a dichotic presentation should be used whenever 
feasible, alternating the signal from one ear to the ees by means of a 
dual-channel headset. 


5.3.4.2.4 Headset. - When the operator will wear earphones covering 
both ears during normal equipment operation, the auditory warning signal 
shall be directed to the operator's headset as well as to the work area. 


- 


5.3.4.3 Discriminability a — ; 


5.3.4.3.1 Use of Different Characteristics. - When several different 
auditory signals are to be used to alert an operator to different types 
of conditions, discriminable difference in intensity, pitch, or use of 
beats and harmonics shall be provided. If absolute discrimination is 

required, the number of signals to be identified shall not exceed four. 


5.3.4.3.2 Coding, - Where discrimination of warning signals will be 
critical to: personnel safety or system performance, audio signals shall 
De appropriately coded. aAlarms that are perceptibly different shall be 
selected to correspond with different conditions requiring critically 
different operator responses (e.g., maintenance, emergency conditions, 
and health hazards). Such signals shall be sufficiently different to 
minimize the operator's search of visual displays. 


5.3.4.3.3 Critical Signals. - The first 0.5 second of a fast reaction 
audio signal shall be discriminable from the first 0.5 second of any 
other signal that may occur. Familiar signals with established names or 
associations shall be selected. Speech should be used whenever feasible. 


5.3.4.3.4 Action Segment. - The identifying or action segment of an 
audio warning signal shall specify precisely the emergency or any other 
conditions requiring actions. 


5.3.4.3.5 Differentiation From Routine Signals. = Aural alarms 


intended to bring the operator's attention to a malfunction or failure 
shall be differentiated from routine signals such as bells, buzzers, and 
mormal operation noises. 


5.3.4.3.6 Prohibited Types of Signals. - The following types of signals 


shall not be used as warning devices where possible confusion might exist 
because of the operational environment. 


a. Modulated or interrupted tones that resemble navigation signals 
or coded radio transmissions 
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b. Steady signals that resemble noises, static, or sporadic radio 
signals 


c. Trains of impulses that resemble electrical interference whether 
regularly or irregularly spaced in time 


d. Simple glissandi which may be confused with the type made by two 
carriers when one is being shifted in frequency (beat-frequency-oscillator 
effect) 


e. Scrambled speech effects that may be confused with cross 
modulation signals from adjacent channels 


f. Signals that-resemble random noise, periodic pulses, steady or 
frequency modulated simple tones, or any other signals generated by 
standard countermeasure devices (e.g., "bagpipes"). 


g. Signals similar to random noise generated by air conditioning 
or any other equipment 


h,. Signals that resemble sounds likely to occur accidently under 
Operational conditions. 


5.3.4.4 Compatibility 


223.4.4.1 Existing Signals. - The meaning of audio warning signals 
selected for a system shall be consistent with warning signal meanings 
already established for that function. 


9.3.4.4.2 Acoustic Environment. - Established signals shall be used, 
provided they are compatible with the acoustic environment and the 
requirements specified herein for the voice communication system. 
Standard signals shall not be used to convey new meanings. 


5.3.4.5 Masking 

5.3.4.5.1 Other Critical Channels. - Audio warning signals shall not 
interfere with any other critical functions or warning signals, or mask 
any other critical auditory signals. 


5.3.4.5.2 Separate Channels. - Where a warning signa] delivered to a 
headset might mask another essential auditory signal, separate channels 
may be provided to direct the warning signal to one ear and the other 
essential auditory signal to the other ear. In such a situation and when 
required by operating conditions, this dichotic presentation may further 
provide for alternation of the two signals from ear to ear. 
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5.4 CONTROLS - 
5.4.1 General Criteria ; 
§.4.1.1 Selection 


5.4.1.1.1 Distribution of Load. - Controls shall be selected and dis- 
tributed so that none of the operator's limbs will be overburdened. 


5.4.1.1.2 G-loading, - Where applicable, control selection shall 
include consideration of operation under variable g-loading on the 
operator. 


5.4.1.1.3 Multirotation Controls. - Multirotation controls shall be 
used when precision is required over a wide range of adjustment. 


5.4.1.1.4 Detent Controls. - Detent controls shall be selected whenever 
the operational mode requires control operation in discrete steps. 


§.4.1.2 Direction of Movement 


53.4.1.2.1 Consistency of Movement, - Controls shall be selected so 
that the direction of movements of the control will be consistent with 
the related movement of an associated display, equipment component, or 
vehicle. In general, movement of a control forward, clockwise, to the 
right, or up or pressing or squeezing a control shall turn the equipment 
or component on, cause the quantity to increase, or cause the equipment 
Or component to move forward, clockwise, to the right, or up. Valve 
controls are excepted (see 5.4.1.2.4). 


5.4.1.2.2 Multidimensional Operation. - When the vehicle, the equipment, 


or the components are capabie of motion in more than two dimensions, 
exception to 5.4.1.2.1 snall be made if necessary to ensure consistency 
of anticipated response (e.g., forward motion of a directional control 
causes some vehicles to dive or otherwise descend rather than to simply 
move forward). When several controls are combined in one control device, 
caution shall be exercised to avoid conflicts (e.g., control motion to 
the right is compatible with clockwise roll, right turn, and direct move-~ 
ment to the right). 


5.4.1.2.3 Operator-control Orientation. - Controls shall be oriented 
with respect to the operator. Where the operator may use two or more 
vehicle operator stations, the controls shall cause movement oriented 
to the operator at the effecting station, provided remote visual refer- 
ence is not used. 
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§.4.1.2.4 Valve Controls. - Rotary valve controls should open the 

valve with a counter clockwise motion. Valve controls shall be provided 
with double-ended arrows showing the direction of operations and appropri- 
ately labeled at each end to indicate the functional result (e.g., open 
and close). | 


5.4.1.3 aArrancement and Grouping 


5.4.1.3.1 Grouping. = All controls which have sequential relations, 
which have to do with a particular function of operation, or which are 
operated together shall be grouped together along with their associated 
displays. When several steps of a sequence are combined on one control, 
the control movements required shall be minimized and the systems shall 
not be cycled ON/OFF or through operational modes unnecessarily. 


§.4.1.3.2 Sequential Overation. - Where sequential operations follow a . 
fixed pattern, controls shall be arranged to facilitate operation, (e.g., 
in a pattern left-to-right and top-to-bottom,as a printed page). 


5.4.1.3.3 Location of Primary Controls. - The most important and fre- 
quently used controls shall have tne most favorable position with respect 
to ease of reaching and grasping (particularly rotary controls and those 


Bequiring fine settings). 





5.4.1.3.4 Consistency. - The arrangement of functionally similar, or 
identical, primary controls shall be consistent from panel to panel 
throughout the system, equipment, unit, or vehicle. 


5.4.1.3.5 Remote Controls. - Where controls are operated at a position 
remote from the display, equipment, or vehicle controlled, control 
arrangement shall be established to facilitate direction-of-movement 
consistency. The observed result and not the effecting mode shall be 
considered. 


$.3.1.3.6 Maintenance and Adjustment. - In general, controls used 


Solely for maintenance and adjustment and referred to infrequently, 
Shall be covered during normal equipment operation, but shall be readily 
€ccessible and visible to the maintenance technician when required. 


9.4.1.4 Coding 


59.4.1.4.1 Methods and Requirements. - The selectiom of a coding mode 
(e.g., size and color) for a particular application sihall be determined 
by the relative advantages and disadvantages for each type of coding. 
Where coding is selected for the purpose of differentiating among 
Controls, application of the code shall be uniform throughout the system. 
(see Table IV for advantages and disadvantages) 
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§.4.1.4.2 Location-Coding. - Controls associated witn similar functions 
should be in the same relative location from panel to panel. 


5.4.1.4.3 Size-Coding. = No more than three different sizes of controls 
shall be used in coding controls for discrimination by absolute size. 
Controls used for performing the same function on difccrent items or 
equipment shall be the same size. 


§.4.1.4.4 Shape-Coding. - Control shapes shall be both. visually and 
tactually identifiable and shall be designed to be free of sharp edges, 


5.4.1.4.5 Color-Coding 


~ 


§.4.1.4.5.1 Choice of Colors. - Controls shall be black (17038) or 
gray (26231). If color coding is required, only the following colors 
identified in FED-STD-595 shall be selected for control coding. - ° 


Byked, 110058 A 
MB. Green, 14187 | | | : ~ 

c.- Orange-Yellow, 13538 — ase a ae aie 
d. White, 17875 et a * 


e. Blue, eee shall be used if an additional color is absolutely 
mecessary. ; nn - + i 
5.4.1.4.5.2 Immediate Action Controls. - Immediate action controls for 
@ircraft shall conform to MIL-M-185012. : - 


5.4.1.4.5.3 Relation to Display. - When color-coding must be used to 
relate a control to its corresponding display, the same color shall be 
used for both the control and the Sema: 3 


me4.1.4.5.4 Control Panel cence see - The color of the control shall 
provide contrast between the panel background and the control. 


5.4.1.4.5.5 ambient Lighting and Color-coding Exclusion. - Prior to 
selection of color code, consideration shall be given to anticipated 
ambient lighting co-ordination throughout the mission. Color-coding 
shall not be used as a primary identification medium if the spectral 
characteristics of ambient light during the mission, or the operator's 
adaptation to that light, varies as the result of such factors as solar 
meare, filtration of light, and variation from natural to artificial 2 
light. If red lighting is to be used during a portion of the mission, 
controls which would otherwise be coded red shall be coded by orange- 
yellow and black striping. 
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5.4.1.4.5.6 Labeling of Controls. - Control labeling shall conform to 
the criteria in paragraph 5.5. 


5.4.1.5 Compatibility with Handwear. = Controls shall be compatible 
with handwear to be utilized in the anticipated environment. All 
dimensions cited herein are for bare hands and should be Bavased oe 
Becessary for use with gloves or mittens. 


5.4.1.6 Blind Operation. - Where "blind" operation is necessary the 
controls shall be shape-coded, or separated from adjacent controls by 
at least 5 inches (12.7cm). 


5.4.1.7 Prevention of Accidental Activation 


5.4.1.7.1 Location and Design. = Controls shall be designed and 

located so that they are not susceptible to being moved accidentally. 
Particular attention shall be given to critical controls whose inadvertent 
operation might cause damage to equipment, injury to personnel or degrada-. 
tion of system functions. 


5.4.1.7.2 Internal Controls. - Internal or hidden controls should be 
protected, because it is usually not obdvious that such controls have 
been disturbed and it may be difficult and time consuming to locate and 
readjust them. 


5.4.1.7.3 Rapid Operation. - Any method of protecting a control from 
inadvertent operation shall not preclude its being operated within the 
time required, i 


5.4.1.7.4 Methods. - For situations in which controls must be protected 
from accidental activation, one or more of the following methods, as 
applicable, shall be used: — a 


a. Locate and orient the controls so that the operator is not 
likely to strike or move them accidentally in the normal sequence of 
control movements. 


b. Recess, shield, or otherwise surround the controls by physical 
barriers. The control shall be entirely contained within the envelope 
described by the recess or barrier. 


c. Cover or guard the controls. 


-d, Provide the controls with interlocks so that extra movement - ~ 

(e.g., a side movement out of a detent position or a pull-to-engage 

clutch) or the prior operation of a related or locking control is 

required. re 
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e. Provide the controls with resistance (i.e., viscous or coulomb 
friction, spring-loading, or inertia) so that definite or sustained 
effort is required for actuation. 


f. Provide the controls with a lock to prevent the control from 
passing through a position without delay when strict sequential 
activation is necessary (i.e., the SEO moved only to the next 
position, then delayed). 


g. Design the controls for operation by rotary action. 


5.4.1.7.5 Dead Man Controls. - "Dead man" controls, which will result 
in system shut-down to a non-critical operating state when force is 
removed, shall be utilized wherever operator incapacity can produce a 
eritical system condition. 


5.4.2 Rotary Controls 


5.4.2.1 Discrete Rotary Selector Switches 


5-4.2.1.1 Application. - Rotary selector switches should be used for 
discrete function when three or more detented positions are required. 
Rotary selector switches should not be used for a two-position function 
unless ready visual identification of control position is of primary 
importance and speed of control operation is not critical, 


5.4.2.1.2 Moving Pointer. = Rotary selector switches should be designed 
with a moving pointer and a fixed scale. 


5.4.2.1.3 Shape. - Moving pointer knobs shall be bar shaped, with 
parallel sides, and the index end shall be tapered to a point. Exceptions 
may be justified when pointer knobs are shape-coded when space is 
restricted and torque is light. Shape-coding shall be used when a group 
of rotary controls, used for widely different functions, are placed on the 
same panel and control confusion might otherwise result. 


5.4.2.1.4 Positions. - A rotary selector switch which is not visible to 
the operator during normal system operation shall have no more than 12 
positions and rotary selector switches that are constantly visible to the 
operator shall have not more than 24 positions. In addition, the following 
criteria shall apply. 


a. Where possible, rotary switch positions shall not be placed 


directly opposite each other, in order to reduce confusion as to which a 


end of the knob is the pointer, 
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DIMENSIONS 


Minimum 0.625’’ 


Maximum 3.0°° 


One-Hand 


Randam 


Minimum 
Maximum 


Preferred 


* For facilitating performance 


* * When special engineering is required 


Figure 3. ROTARY SELECTOR SWITCH 
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b. Stops shall be provided at the beginning and end of the range 
of control positions if tne switch is not required to be operated beyond 
the end positions or specified limits. 


c. The switch resistance shall be elastic, building up, then 
decreasing as each position is approached, so that the control snaps 
into position without stopping between adjacent positions. 


5.4.2.1.5 Contrast. - A reference line Shall be provided on rotary 
switch controls. This line shal] have at least 50 percent contrast 
with the control color. 


5.4.2.1.6 Parallax. - The pointer knob shall be mounted sufficiently 

close to its scale to minimize parallax between the pointer and the 

scale markings. When viewed from the normal operator's position, the parallax 
error shall not exceed 25% of the distance between scale markings. 


5.4.2.1.7 Dimensions, Resistance, Displacement, and Separation. - 


Control dimensions, resistance, dispiacement, and separation between 
adjacent edges of areas swept by rotary selector switches should conform 
to the criteria in Figure 3. 


5.4.2.2 Thumbwheel Controls ; 
5.4.2.2.1 Application. - Thumbwheel controls may be used if the 
function requires a compact digital control-input device (for a serles 
of numbers) and a readout of these manual inputs for verification. 

The use of thumbwheels for any other purposes is discouraged. Thumb- 
wheels may be either discrete or continuous as applicable. Detent 
indexing units should provide 10 positions (0 - 9) in digital or binary 
(3 or 4 bits and complement) outputs. 


5.4.2.2.2 Shape. - Each position around the circumference of a discrete 
thumbwheel shall have a slightly concave surface or snall be separated 

by a high-friction area which is raised from the periphery of the 
thumbwheel. Continuous thumbwheels shall employ high friction raised 
areas to facilitate movement. 


5.4.2.2.3 Coding. - Thumbwheel controls may be coded by location, 
labeling, and color (e.g., reversing the colors of the least signifi- 
cant digit wheel as on typical odometers). Where used as input devices, 
thumbwheel switch OFF or NORMAL positions should be color coded to 
permit a rapid check that a great number of digits have been reset to 
their normal position. 


5.4.2.2.4 Direction of Movement. - Direction of movement shall be 
compatible with the criteria set forth in 5.1.3.12. 
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Figure 4. DISCRETE THUMBWHEEL CONTROL 
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§.4.2.2.5 Numerals 


5.4.2.2.5.1 Internal Illumination. - For areas in which ambient 
illumination will provide display brightness below 1 Ft-L, the thumb-. 
wheel shall be internally illuminated. Digits shall appear as 
illuminated characters on a black background, and their dimensions 
should approximate the following: 

a. Height: 1/4-inch (6.4mm). 

b. Height-to-Width Ratio: 3:2. 

c. Height-to-Stroke Width Ratio: 10:1 


5.4.2.2.5.2 External Illumination. - In areas where ambient illumination 
will provide a display brightness above 1 Ft-L, internal illumination is 
not required. Digits shall be bold, black numeral engraved on a light 

(or white) thumbwheel background. The dimensions should approximate those 
specified in 5.4.3.2.5.1 except that the height-to-stroke-width ratio 
should be approximately 5:1. 


5.4.2.2.6 Visibility. - Thumbwheel design shall permit viewing of 
inline digital read-out from all operator positions. 


§.4.2.2.7 Dimensions. - Control dimensions shall conform to the 
criteria in Figure 4. 


§.4.2.2.8 Resistance 


§.4.2.2.8.1 Discrete (Detented) Thumbwheel Controls. - Detents shall 


be provided fcr discrete position thumbwheels. Resistance shall be 
elastic, building up and then decreasing as each detent is approached 
so that the control snaps into position without stopping between 
adjacent detents. The resistance shall be within the limits indicated 
in Figure 4. 


5.4.2.2,.8.2 Continuous Thumbwheel Controls. - Resistance shall be 
provided so that definite sustained effort-is required for actuation. 
The resistance incorporated into continuous thumbwheel controls shall 
be within the following torque limits: 


a. Minimum: Determined by jarring, vibration, or other 
conditions; no practical limit is set by operator 
performance. . 


b. Maximum: 6 inch-ounces. 
5.4.2.2.9 Separation. - Control separation shall conform to the 
criteria in Figure 4. The separation between adjacent edges of 


thumbwheel controls shall, in any case, be sufficient to preclude 
accidental activation of adjacent controls during normal setting. 
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5.4.2.3 Continuous Adjustment Rotary Controls 


§.4.2.3.1 Knobs 


5.4.2.3.1.1 Application. = Knobs should be used when little force 
is required, and when precise adjustments of a continuous variable 
are required. A moving knob with fixed scale is preferred over a 
moving scale with fixed index for most tasks. If positions of non- 
multirevolution controls must be distinguished, a pointer or marker 
should be available on the knob. 


5.4.2.3.1.2 Dimensions, Torque and Separation. - The dimensions of 


knobs shall be within the limits specified in Figure 5. Within these 
ranges, knob size is relatively unimportant, provided the resistance 

is low and the knob can be easily grasped and manipulated. When panel 
space is extremely limited, knobs should approximate the minimum values 
and should have resistance as low es possible without permitting the 
setting to be changed by merely touching the control. Resistance and 
separation between adjacent edges of knobs shall conform to Figure 5. 


me4.2.3.2 Cranks. - 


5.4.2.3.2.1 Application. - Cranks should be used primarily for tasks 
requiring many rotations of a control, particularly where high rates or 
large forces @re involved. For tasks involving large slewing movements, 
plus small, fine adjustments, a crank handie may be mounted on 4 knob or 
handwheel -- the crank for slewing and the knob or handwheel for fine 
adjustments. Where cranks are used for tuning or other processes 
involving numerical selection, each rotation should correspond to a 
muitiple of 1, 10, 100, etc. 


9.4.2.3.2.2 Grip Handle. - The crank grip handle shall be designed 
so that it turns freely around its shaft. 


5.4.2.3.2.3 Dimensions, Resistance and Separation. - Dimensions, 


resistance and separation between adjacent swept circular areas of cranks 
shall conform to the criteria of Figure 6. 


5.4.2.3.3 Handwheels 


5.4.2.3.3.1 Application. - Handwheels, which are designed for two-hand 
Operation, should be used when the breakout or rotational forces are too 
large to be overcome with a one-hand control, provided that two hands will 
normally be available for this task. 


~§.4.2.3.3.2 Knurling. - Knurling or indentation shall be built into a 


handwheel to facilitate operator grasp. 


86 


raqeer > 


Ss pe a 


oF pe eorrpeeere ee ce 
‘ 





{ 





* 


MIL-STD-1472A 
15 May 1970 


@ Gh © 


oe 












PIMENS:ONS 
Thumb and Finger 


Encircled 
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Diameter 





Polm Grasp 
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Diometer 
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0.5°’ 
1.0° 4.0 


TORQUE 











SEPARATION 
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One Hand 
Individually 















Two Hands 


Simultaneausly 





* 
* * 


Ta ond including 1.0-in. diameter knabs 


Greater than }.0-in. diameter knabs 


Figure 5. KNOBS 
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Figure 6. 
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DISPLACEMENT 


Two Honds 


Figure 7. 


HANDWHEELS 
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§.4.2.3.3.3 Spinner Handle. - When large displacements must be 
rapidly made, a spinner handle may be attached to the handwheel 
when not precluded by safety considerations. 


5.4.2.3.3.4 Direction of Movement. - Except for valves (see 5.4.1.2.4), 
handwheels shall rotate clockwise for ON or INCREASE and counter-_ 
clockwise for OFF and DECREASE. The direction of motion shall be 
indicated on the handwheel, or immediately adjacent thereto, by means 

of arrow and appropriate legends. 


5.4.2.3.3.5 Dimensions, Resistance, Displacement and Separation. - 
Control dimensions, resistance, displacement and separation between 


adjacent edges of handwheels shall conform to the criteria in Figure 


a. 
§.4.3 Linear Controls 


8.4.3.1 ° Discrete Linear Controls 


5.4.3.1.1 Push Buttons (Finger or Hand Operated) 


ome, 5.1.1.1 sgipplicationy - Push buttons should be used when aycentrel 
Or an array of controls is needed for momentary contact or for activating 
@ locking circuit, particularly in high-rrequency-of-use situations. 


5.4.3.1.1.2 Shape. - The push button surface should normally be concave 
(indented) to fit the finger. ‘when this is impractical, the surface snall 
provide a high degree of frictional resistance to prevent slipping. 


5.4.3.1.1.3 Positive Indication. - A positive indication of control 
activation shall be provided (e.g., snap feel, audible click, or integral 
light). 


5.4.3.1.1.4 Channel or Cover Guard. - A channel or cover guard shall 
be provided when it is imperative to prevent accidental activation of 
Ee control. 


£24.3.1.1.5 Dimensions, Resistance, Displacement, and Separation. - 


Except for use of pusn buttons in keyboards, control dimensions, 
resistance, displacement, and separation between adjacent edges of 
finger or hand-operated pushbuttons shail conform to the criteria in 
Figure &, 

5.4.3.1.1.5 Interlocks or Barriers. - Froperly designed mechanical] 
interlocks or barriers aay be used instead of the spacing required by 


Figure S, 


5.4.3.1.2 Push Buttons (Foot-OQoerated 
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Figure 8. PUSHBUTTONS (Finger or Hond Operated ) 
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5.4.3.1.2.1 Application. += Foot-operated push buttons should be used 
only in those cases where the operator is likely to have both hands 
occupied at the time the push button is activated or when load sharing 
among limbs is required. Because foot-operated push buttons are 
extremely susceptible to accidental activation, their uses shall be 
limited to noncritical operations such as press-to-talk switches. 


5.4.3.1.2.2 Operation. - Foot-operated push buttons shall be designed 
to be operated by the toe and the ball of the foot rather than the heel. 
Where space permits, foot-operated push buttons shall be replaced by, or 
supplemented with, a pedal to aid in locating the activating control. 
Friction surfaces shall be used on foot-operated push buttons. 


5.4.3.1.2.3 Positive Indication. - A positive indication of control 
activation shall be provided (e.g., snap feel, audible click, associated 
light, or side tone). 


5.4.3.1.2.4 Dimensions, Resistance, Displacement, and Separation. - 


Dimensions, resistance, and displacement of foot-operated push buttons 
shall conform to the criteria in Figure 9. Separation between adjacent 
edges of foot-operated pushbuttons shall conform to the criteria in 
Figure 13. 


5.4.3.1.3 Toggle Switch Controls 





5.4.3.1.3.1 Application. - Toggle switches should be used for functions 
which require two discrete positions or where space limitations are 

Severe. Toggle switches with three or more positions shall be used only 
where the use of a rotary control, legend switch control, etc., is not 
feasible or when the toggle switch is of the spring-loaded, center-position: 
off type. (Toggle switches are considered herein to be discrete position 
controls. Small controls that are the same size and shape as toggle 
switches and used for making continuous adjustments are described herein 

as levers.) 


5.4.3.1.3.2 Accidental Activation. - When the prevention of accidental 
activation is of primary importance (i.e., critical, dangerous, or 
hazardous conditions would result), channel guards, lift-to-unlock 
switches, or any other equivalent means will be provided. 


5.4.3.1.3.3 Dimensions, Resistance, Displacement, and Separation. - 


Dimensions, resistance, displacement, and separatiom between adjacent 
edges of toggle switches shall conform to the criteria in Figure 10. 


5.4.3.1.3.4 Resistance. - Resistance should gradwally increase, then 


drop when the switch snaps into position. The switch shall not be capable 
of being stopped between positions. 
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Figure 10. TOGGLE SWITCHES 
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§.4.3.1.3.5 Orientation. - Toggle switches should be vertically 
oriented with OFF in the down position. Horizontal orientation and 
actuation of toggle switches shall be employed only for compatibility 
_with the controlled function or equipment location. 


5.4.3.1.4 Legend Switches 
5.4.3.1.4.1 Dimensions, Resistance, Displacement and Separation. - 


Dimensions, resistance, displacement, and separation between adjacent 
edges of legend switches shall conform to the criteria in Figure ll. 


5.4.3.1.4.2 Barrier Height. - Barrier height from panel surface shall 
conform to the criteria in Figure ll. 


5.4.3.1.4.3 Other Requirements 


a. For positive indication of switch activation, the legend switch 
shall be provided with a detent or click. 


b. The legend shall be legible when ppty one lamp is as 
within the switch. 


¢. There shall be a press-to-test or dual lamp/filament relia- 
bility. . 


gd. Lamps within the legend switch shall be renlaceabile from the 
front of the panel by hand and the legends or covers shall be keyed to 
prevent the possibility of interchanging the legend covers. 


e. There shall be a maximum of three lines of lettering on the 
legend plate. 


5.4.3.2 Continuous Adjustment Linear Controls 
5.4.3.2.1 Levers 


5.4.3.2.1.1 Application. - Levers may be used when large amounts of 
force or displacement are involved or when multidimensional movements 
of controls are required. 


5.4.3.2.1.2 Coding.- When several levers are grouped in proximity to 
each other, the lever handles shall be coded. 


5.4.3.2.1.3 Labeling. - When practicable, all levers shall be labeled 
as to function and direction of motion. 
9.4.3.2.1.4 Limb Support. - When levers will be used to make fine or 
continuous adjustments, support shall be provided for the appropriate 
limb segment as follows: 
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Figure 11. LEGEND SWITCH 
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a. For large hand movements: elbow 
b. For small hand movements; forearm 
.¢. For finger movements: wrist. 


5.4.3.2.1.5 Dimensions. - The length of levers shall be determined by the 
mechanical advantage needed. When the lever or grip handle is spherical, 
its diameter shall conform with Figure 12. 


5.4.3.2.1.6 Resistance. - The resistance incorporated in levers shall 
be within the limits indicated in Fig. 12 measured as linear force applied 
to a point on the handle. NOTE: The right hand can apply slightly more 
force than the left, but the difference is not significant. The same 
amount of push-pull force can be applied when the control is along the 
median plane of the body as when it is directly in front of the arm, 7 
inches from the median plane. When the control is placed in front of the 
opposite (unused) arm only 75 percent as much force can be applied. 

When the control is 10 to 19 inches forward of the seat reference point, 
twice as much push-pull force can be applied with two hands as with one- 
hand operation. Outside this range two-hand operation becomes less 
effective. 


5.4.3.2.1.7 Elastic Resistance. - For joystick controls, elastic resis- 
tance which increases with displacement may be used to improve "stick 
feel". 


5.4.3.2.1.8 Displacement and Separation. - Control displacement (for 
the seated operator) and separation shall conform to the criteria in 
Figure 12. 


oe4.3.242 Pedals 


5.4.3.2.2.1 Application. - Pedals shall be used when a large amount of 
displacement or force is required and when foot activation is desirable. 


5.4.3.2.2.2 Null Position. - Pedals should be designed so that they 
will return to the null position when force is removed. 


2-4.3.2.2.3 Dimensions, Resistance, Displacement, and Separation. - 


Dimensions, resistance, displacement, and separation between adjacent 
Eaees Gr pedals shall conform to the criteria in Figure 13. 


5-4.3.2.2.4 Heel Support. - When the pedal angle is greater than 20° 
above the horizontal, a heel support should be provided. a 


9-4.3.2.2.5 Non-Slip Material. - Pedals shall be covered with a non- 
slip material. 
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Figure 12. LEVER 
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99 


° 10 Ib 
10 Ib 180 Ib 


One Foot Sequentiol 








MoOorce=senc ti ve “ConLrols. — 


bet. 3.3 


MIL-STD-1472A 
15 May 1970 


Force sensSitive isometric controls 


should be considered for use in trackin;; applications, especially those 
which must be performed under vibration conditions. 


5.4.4 Hi:h-Force Controls. - Where 
required and hizh control forces are 
maximum force requirements shall not 
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ARM STRENGTH 


rea _|__ lll ato tl OY 


Degree —— Elbow — an sae 
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LEG, HAND, AND THUMB FINGER STRENGTH” 
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Figure 14. ARM, HAND, AND FINGER STRENGTH 
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5.6 ANTHROPOMETRY 


5.6.1 General. - Design shall insure operability and maintainability by 
at least 90 percent of the user population. The design range shall include 
at least the Sth to 95th percentiles for design-critical body dimensions. 
(The Sth percentile for a particular dimension is a value such that 5 per- 
cent of the personnel are smaller than the value expressed and 95 percent 
of the personnel are larger; conversely, the 95th percentile for a partic- 
ular dimension is a value such that 95 percent of the personnel are smaller 
than the value expressed and 5 percent of the personnel are larger. ) The 
data of this section, shown in Figures 15 through 20 and Table V, provide 

a basis for design decisions not specifically covered in other sections. 
Use of these data must take the following into consideration: 


a. The nature, frequency, and difficulty cf the related tasks 


b. The position of the body during performance of these tasks 


GO PER 8 ne 


c. Mobility or flexibility requirements imposed by the tasks 


— 


d. Increments in the design-critical dimensions imposed by the need 
to compensate for obstacles, projections, etc. 


e. Increments in the design-critical dimensions imposed by pro- 
tective garments, packages, lines, padding, etc. 


5.6.2 Data Limitations. - The anthropometric data presented in Figures 

15> through 20 are nude body measurements, expressed in inches. These data 
represent U. S. Army Personnel (1966), U. S. Navy Aviators (1964), and U. S. 
Air Force Officer Flying Personnel (1967). Blanks in the tables indicate 

that data are not available. Definitive or detailed data should be obtained 
from the service activity responsible for anthropometry. 


5.6.3 Use of Data 


5.6.3.1 Gross Dimensions. - Gross dimensions (passageways, accesses, 
safety clearances, etc.) which must acconmodate or allow passage of the 
body or parts of the body shall be based upon the 95th percentile values 
for applicable body dimensions. 


5.6.3.2 Limiting Dimensivuns. - Limiting dimensions (reaching distance, 
displays, test points, handrails, control movement, etc.) which restrict 
or are limited by extension of the body shall be based upon the 5th per- 
centile values for applicable body dimensions. 


5.6.3.3 Adjustable Dimensions. - Adjustable dimensions (seats, safety 


goggles, belts, controls, etc.) shall be adjustable to accommodate the 
range of Sth through 95th percentile values of applicable body dimensions. 
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5.6.3.4 Clothing and Personal Equipment. - Clothing and personal equip- 
ment worn or carried by the man (including specialized and protective 


clothing) will be designed and sized to accommodate at least the 5th through 
95th percentile values for body size and, where feasible, the lst through 
99th percentile values, Where two or more dimensions are used simultaneously 
as design parameters, the middle 90 percent of the total user population 
must be accommodated. To accomplish this, appropriate tables displaying 

the interrelationships between body size dimensions must be utilized. 


5.6.4 Other Data, - Where equipment will be used, inclusively or 
exclusively, by specialized populations (e.g., Army aviators, foreign 
nationals, females, etc.), appropriate available anthropometric data 
for these specialized populations shall be applied. 
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DIMENSIONS 


Overheod Reach Height 
Stoture 

Cervicole Height 
Shoulder Height 
Elbow Height 

Woist Height 
Knuckle Height 

Calf Height 

Depth of Reach 

One Arm 

Both Arms 
Furctionol Reach 
Ankle Height 
Kneecop Height (top) 
Crotch Height 

Wrist Height 

Eye Height 


Figure 15. 





5th PERCENTILE 


USA 


USN 


USAF 


78.6 
65.9 
36.1 
53.4 
41.3 
38.9 
27.7 
12.6 


20.2 
19.2 
29.1 

4.7 
19.1 
30.8 
31.6 
61.2 
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95th PERCENTILE 


USA 


STANDING BODY DIMENSIONS, IN INCHES 
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USN 


USAF 


87.6 
73.9 
63.7 
60.9 
47.3 
45.0 
32.4 
r5.2 


26.8 
24.5 
34.3 

6.2 
22.4 
36.2 
36.7 
69.1 
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SEAT 
REFERENCE 
POINT 


DIMENSIONS 5th PERCENTILE 95th PERCENTILE 
USA USN USAF USA USN USAF 


Vertical Reoch 50.7 58.2 


Sitting Height Sore 34.2 34.7 38.1 
Eye Height, Sitting 28.6 29.7. 30.0 33.3 
Mid-Shoulder Height 22.5 23.7 26.6 
Shoulder Height 22.0 22c2 
Shoulder-Elbow Length 13.3 13.4 13.1 18.7 
Elbow Rest Height 7.6 8.2 

Thigh Cleoronce Height 3.6 
Elbow-Fingertip Length 

Elbow-Grip Length 12.8 

Buttock-Knee Length 22.1 
Buttock-Popliteol Length 18.2 

Popliteo! Height 18.8 

Knee Height : 20.4 


ZzZrerreAaz=-e "TO TMOVNADW >} 





Figure 16. SEATED BODY DIMENSIONS, IN INCHES 
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DIMENSIONS 5th PERCENTILE 95th PERCENTILE 
USA USN USAF USA USN USAF 


Chest Depth 8.0 8.2. 8.4 10.5 10.6 10.9 
Buttock Depth ° 8.3 8.2 10.7 

Chest Breadth : 11.6 11.6 

Hip Breodth, Stonding 

Span 

Shoulder Breadth 

Forearm-Forearm Breodth * 


Hip Breodth, Sitting 





*USA ond USAF dimensions not comparoble 


Figure 17. BREADTH AND DEPTH DIMENSIONS, IN INCHES 
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Figure 18. 


DIMENSIONS 


Neck Circumference 

Arm 5cye Circumference 

Waist Back Length 

Hip Circumference 

Calf Circumference 

Ankle Circumference 

Vertical Trunk Circumference 
Biceps Circumference, Relaxed 
Wrist Circumference 

Sleeve Inseam Length 

Biceps Circumference, Flexed 
Forearm Circumference, Flexed 


5th PERCENTILE 


USA 


V3.5 
15.6 
15.6 
33.5 
12.8 

8.1 
59.3 
10.0 

6.2 
17.4 
11.0 
10.3 
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USN 


14.0 
16.1 


35.2 
13.4 

8.1 
61.6 


6:2 
16.8 
11.4 
10.7 


USAF 


13.9 
17.2 
17.0 
35.3 
13.2 
8.0 
61.7 
10.6 
6.4 
17.5 
11.5 
10.7 


USA 


16.1 
19.8 
20.0 
41.6 
16.2 

729 
70.3 
13:9 

7.3 
20.9 
14.6 
13.0 


USN 


16.4 
v5 


41.8 
16.3 

9.7 
70.2 


7:2 
19.9 
14.5 
13.0 


95th PERCENTILE 


USAF 


16.4 
20.9 
20.1 
42.5 
16.1 

9.7 
71.0 
13.7 

7.6 
20.8 
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DIMENSIONS Sth PERCENTILE 95tn PERCENTILE 
USA USN USAF USA USN USAF 


Shoulder Length 5.0 5.8 7.6 7.4 
Shoulder Circumference 40.7 42.7 48.9 50.3 
Chest Circumference 33.1 34.9 43.1 
Woist Circumference 27.4 p 29.8 39.4 
Upper Thigh Circumference 18.9 
Lower Thigh Circumference 13.6 
Sleeve Length 31.3 


fitrmcye Breodth - 493.4 


cd Y DDO VD OO Z = 


Interscye Moximum * 18.3 





* USAF dimensions not comporoble with USA ond USN dimensions 


Figure 18 (Concluded). CIRCUMFERENCES AND SURFACE DIMENSIONS, IN INCHES 
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DIMENSIONS | Sth PERCENTILE 95th PERCENTILE 

USA USN USAF USA USN USAF 
A Head Breadth 5.65 5.69 5.80 | 6.40 6.47 6.50 
B  Interpupillary Breadth 2.15 2.39 2.24 2.67 2.75 2.71 
C Face Breadth ~ 5.15 4.87 5.27 5.88 5.79 5.94 
D = Bitragion Breadth 4.95 5.17 5.26 5.69 5.85 5.98 
E Head Length 7.19 7.38 7.39 8.14 8.24 8.27 
F Head Height 4.69 4.74 4.89 5.72 5.57 5.69 
G Face Length 4.31 4.23 4.35 5.17 5.48 5.13 
H .Head Circumference 21.07 21.74 21.74 23.16 " 23:57 — 23.59 


Figure 19. HEAD AND FACE DIMENSIONS, IN INCHES 


109 





= SS — 


MIL-STD-1472A 
15 May 1970 


HAND DIMENSIONS Sth PERCENTILE '  9Sth PERCENTILE 
USA USN USAF USA USN USAF 


Hond Length 6.90 6.98 7.00 8.13 8.09 8.07 
Palm Length 3.77 3.92 4.59 4.63 
Wend Breadth 3.20 3.25 3.24 3.9900 3.60 Eas 
Hond Circumference 7.81 7.76 7.89 9.28 9.11 


FOOT DIMENSIONS 


Foot Length 

Instep Length 

Boll of Foat Breodth 

Ball of Faat Circumference 
Heel Breadth 

Heel-Ankle Circumference 


Instep Circumference 





Figure 20. HAND AND FOOT DIMENSIONS, IN INCHES 


TABLE VY. AGE AND WEIGHT 


AGE/WEIGHT Sth PERCENTILE 9Sth PERCENTILE 
USA USN USAF USA USN USAF 


Age (years) 18.6 22.4 31.5 424 
Walch? (pounds) 126.3 140.3 140.0 201.9 203.6 211.0 
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§.7 GROUND WORKSPACE DESIGN REQUIREMENTS ee 


5.7.1 General 


5.7.1.1 Kick Space. = All cabinets, consoles, and work surfaces that 
require an operator to stand or sit close to tkeir front surfaces shall 
contain a kick space at the dase at least 4 inches (10.2 cm) deep and 

4 inches (10.2 cm) high, or greater to allow for protective or specialized 
apparel. 


5.7.1.2 Handles. - Handles on cabinets and consoles shall be recessed 
whenever practicable, to eliminate projections on the surface. If handles 
cannot be recessed, they shall be designed such that they shall neither 
injure personnel nor entangle clothing or equipment. 


5.7.1.3 Work Space. - Whenever feasible, free floor space of at least 

4&4 feet (122 cm) shall be provides in front of each console. For equipment 
racks that require maintenance, free floor space shall be provided in 
accordance with the following criteria, whenever feasible: 


5.7.1.3.1 Bepth of Work Area, - The distance from-the front of the rack 
to the opposite surface or obstacle shall be no less than 42 inches 
(107 cm). 


6 ee 


5.7.1.3.2 Lateral Work Space. - The minimum lateial workspace for 
racks having drawers shall be as follows (measured from drawers in the 
extended position): 


a. For racks having drawers weighing less than 45 pounds (20.4 kg): . 
18 inches (46 cm) on one side and 4 inches (10.2 cm) on the other. 


b. For racks having drawers weighing over 45 pounds (20.4 kg): 
18 inches (46 cm) on each side. )- 


5.7.1.3.3 Storage Space. = Adequate and suitable space shall be provided 
on consoles for the storage of manuals, worksheets, and other materials 
that will be used by the operational or maintenance personnel, 


5.7.1.4 Panel Slope. = For normal console operation, the slope of the 
control-display panel surface shall begin at the level of the console 
shelf. 


5.7.2 Standing Operations 


5.7.2.1 Work Surfszce. - Convenient work surfaces to support job 
instruction manuals, worksheets, etc., shall be provided for standing 
operators. Work benches and other work surfaces shall be 36 inches 
(91 cm) above the floor, unless otherwise specified. 
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5.7.2.2 Display Placement, Normal. - Visual displays mounted on 
vertical panels and used in normal equipment operation shall be placed 


in an area between 41 inches (104 cm) and 74 inches (188 cm) above the 
Standing surface. 


5.7.2.3 Display Placement, Special. - Indicators that must be read 
precisely and frequently shall be placed in an area between 50 inches 
(127 cm) and 69 inches (175 cm) above the standing surface. 


5.7.2.4 Control Placement, Normal. - All controls mounted on a vertical 
surface and used in normal equipment operation shall be located in an area 
between 34 and 74 inches (86 and 188 cm) above the standing surface. 


5.7.2.5 Control Placement, Special. - Controls requiring precise or 
frequent operation and emergency controls shall be mounted between 34 


and 57 inches (86 and 145 cm) above the standing surface and no further - 
than 22 inches (56 cm) laterally from the centerline. 


5.7.3 Seated Operations 


5.7.3.1 Work Surface Width. - A lateral workspace of at least 30 inches 
(76 cm) wide and 16 inches (41 cm) deep shall be provided whenever 
practicable. 


5.7.3.2 Work Surface Height. - Desk tops and writing tables shall be 
30 inches (76 cm) above the floor, unless otherwise specified. 


5.7.3.3 Writing Surfaces. - Where a writing surface is required on 
equipment consoles, it shall be at least 16 inches (41 cm) deep and 
should be at least 23 inches (61 cm) wide, 


5.7.3.4 Seating 


5.7.3.4.1 Compatibility. - Work seating shall provide an adequate 
Supporting framework for the body relative to the activities that must 
be carried out. Chairs to be used with "sit" consoles shall be designed 
to be operationally compatible with the console configuration. 


5.7.3.4.2 Vertical Adjustment. - Provision shall be made for vertical 
seat adjustment from 16 to 21 inches (41 to 53 cm) in increments of no 
more than 1 inch (25mm) each. 


5.7.3.4.3 Backrest. - A supporting backrest that reclines between 
103° and 115° shall be provided. The backrest shall engage the lumbar 
and thoracic regions of the back, and shall support the torso in such a 
position that the operator's eyes can be brought to the "Eye Line" with 
no more than 3 inches (76mm) of forward body movement. 


cf 


9.7.3.4.4 Cushioning. = Where applicable, both the backrest and seat 
shall be cushioned with at least 1 inch (25mm) of compressible material 
and provided with a smooth surface. 
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5.7.3.4.5 Armrests, - Unless otherwise specified, armrests shall be 
provided. Armrests that are integral with operators’ chairs shall be at 
least 2 inches (5cm) wide and 8 inches (20 cm) long. Modified or 
retractable armrests shall be provided when necessary to maintain com- 
patibility with an associated console and shall be adjustable from 7.5 to 
ll inches (19 to 28 cm) above the compressed sitting surface. 


5.7.3.5 Knee Room. - Knee and foot room that equals or exceeds the 
following minimum dimensions shall be provided beneath work surfaces: 


a. Height: 25 inches (64 cm). If a footrest is provided, this 
dimension shall be increased accordingly. 


b. Width: 20 inches (51 cm). 
c. Depth: 18 inches (46 cm). 


5.7.3.6 Display Placement, Normal. - Visual displays mounted on 
vertical panels and used in normal equipment operation shall be placed in 
an area between 6 and 48 inches (15 and 122 cm) above the sitting surface. 


5.7.3.7 Display Placement, Special. - indicators that must be read 
precisely and frequently shalt be placed in an area between 14 and 37 inches 
(36 and 95 cm) above the sitting surface, and no further than 22 inches 

(56 cm) laterally from the centerline. ; 


5.6.3.8 Warning Displays. - For "sit" consoles requiring horizontal 
vision over the top, critical visual warning displays shall be mounted at 
least 22.5 inches (57 cm) above the sitting surface. 


5.7.3.9 Control Placement, Normal. - All controls mounted on a vertical 
surface and used in normal easipment operation shall be located in an area 
between 8 and 35 inches (20 and 90 cm) above the sitting surface. 


5.7.3.10 Control Placement, Special. - Controls requiring precise or 
frequent operation shall be mounted between 8 and 30 inches (20 and 
76 cm) above the sitting surface. 


5.7.4 Unusual Positions. - The design for workspaces with shirt-sleeve 
environment for work to be accomplished in the squatting, stooping, 
kneeling, crawling or prone positions, shall conform to the "preferred" 
dimensions shown in Table VI and illustrated in Figure 2]. These unusual 
workspaces shall conform to the ''Arctic'' dimensions shown in Table VI 
whenever bulky outer clothing is required for environmental protection. 
In no case shall clearance dimensions be less than the minimum values 
specified, 


5.7.5 Standard Console Design 
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TABLE VI. CLEARANCE DIMENSIONS 


DIMENSION 


Squotting warkspoce: 


Height: 
Depth: 
Disploy area: 


Contral oreo: 


Stooping workspace: 


Depth: 
Disploy oreo: 


Control orea: 


Kneeling workspoce: 


MINIMUM PREFERRED* 


in. (cm) in. (cm) 


48 (122) Sc 
27 (69) 36 (91) 


27-43 (69-109) 
19-34 (48-86) 


40 (102) 


32-48 (81-122) 
24-39 (61-99) 


ARCTIC 


in. (cm) 


51 (130) 
40 (102) 


44 (112) 





Depth: 42 (107) 48 (122) 50 (127) 
Height: 56 (142) ee 59 (150) 
Optimum work paint: 27 (69) 

Display areo: o- 28-44 (7 1-112) -- 
Control oreo: os 20-35 (51-89) 


Kneeling crowl space: 


Height: 
Length: 


Prane work aor crowlspoce: 


Height: 
Length: 


Supine warkspoce: 
Height: 
Length: 


31 (79) 
59 (150) 


17 (43) 20 (51) 
96 (244) a 


20 (51) 24 (61) 


74 (188) 76 (193) 


* The volues for disploy ond control oreos represent verticol meosurements from the floor. 
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38 (97) 
62 (157) 


24 (61) 


ee 


26 (66) 
78 (198) 
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SUPINE WORK SPACE 


Figure 21. CLEARANCE DIMENSIONS 
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5.7.5.1 Dimensions. - For purposes of standardization, consoles and 
the units and racks which constitute operator work stations should be 
designed to conform with the dimensions shown in Table VII and Figure 22, 


5.7.5.2 Configurations. - The configurations represented in Table VII 
and Figure 22 may not be applicable to all design situations. In.some 
cases, however, operational requirements may necessitate unique design 
solutions. Because of the benefits and economies inherent in a standard 
console and unit, the design shall conform with the standard configurations 
whenever feasible. 


5.7.5.3 Variables. - The following variables should be considered in 
choosing the most appropriate console design: 


a. visibility requirement over the top of console. 


b. Operator mobility requirement (e.g., "sit", "stand", or "sit- 
stand" requirements). 


c. Panel space required. (Note columns "C"' and "N", Table VII 


d. Volume required in the area below the writing surface. 


5.7.5.4 Console Selection. - On the basis of the considerations in 
s.7.5.2, the particuler configuration that will best meet the requirements 
should be selected from among the nine consoles represented in Table VII 


5.7.6 Special-Purpose Console Design 


5.7.6.1 Horizontal Wrap-Around (Figure 23) 


5.7.6.1.1 Panel Width. - When requirements for preferred panel space 

for a single seated operator exceed a panel width of 44 inches (112 ecm), a 
flat-surface, segmented, wrap-around console shouid be provided, so as 

to place all controls within the reach of the Sth percentile stationary 


operator. 
5.7.6.1.2 Panel Angle. - The left and right segments should be placed at 
- an angle, measured from the frontal plane of the central segment, 


such that they can be reached by the Sth percentile stationary operator. 


5.7.6.1.3 Dimensions (Vision Over TIcp). = Where vision over the top is 


required (thereby limiting vertical panel space), the width of the central 
segment shall not exceed 44 inches (112 cm), and that of the left and right 
segments shall not exceed 24 inches (61 cm). 

7 
5.7.6.1.4 Dimensions, += Where vision over the top is not required, i.e., 
the total console height may exceed the seat height by more than 29.5 
inches (75 cm), the width of the central segment shall not exceed 34 
inches (86 cm), and that of the left and right segments should not exceed 
24 inches (61 cm). 
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5.7.6.1.5 Viewing Angle. - The total required left-to-right viewing 
angle shall not exceed 190° (see Fig. 2). This angle should be reduced 
whenever possible through appropriate control-display layout. 


* 


5.7.6.2 Vertical/Stacked Segments (See Figure 24 for example.) 


5.7.6.2.1 Panel Division. - Where direct forward vision over the top 
of the console is not required by a seated operator, and when lateral 
space is limited, the panel shall be divided into three vertical/stacked 
segments whose surfaces should be perpendicular to the operator's line 
of sight with little or no head movement. 


5.7.6.2.2 Height. - The center of the central segment should be 31.5 
inches (80 cs) above the seat reference point. The height of this 
segment shall not exceed 21 inches (53 cm). 


5.7.6.3 Sit-Stand Consoles. - Where personnel will work from standing 
or seated positions, console dimensions should conform to those of 
Table VII. 


5.7.7 Stairs, Stair-Ladders, Fixed Ladders, and Ranps 
5.7.7.1 General Criteria 


5.7.7.1.1 Selection. - The selection of stairs, stair-ladders, fixed 
ladders, or ramps for specific applications shall be based on the angle 
of ascent required and the criteria in Figure 25. 


ry ee ewe O° ope be 


5.7.7.1.2 Provision for Hand-Carrying Equipment. - Renps, elevators, 


or equivalent means should be provided when equipment must be hand 
carried. Ladders shall not be seiected in such cases, since both hands 
should be free to grasp the ladder. Stairs and steps should not be used 
where hand-carrying bulky loads or loads in excess of 40 pounds (18kg) 
is required. 


5.7.7.1.3 Hendrails and Guardrails. - Stairs, stair-ladders, fixed 

ladders, and ramps should be equipped with a handrail on eech side. . 
Where one or both sides are open, appropriate intermediate guardrails i 
ehall be provided to prevent personnel injury. 


5.7.7.2 Stairs. - Stairs should be designed to conform with the reccmus- 
mended dimensions in Figure 26. In no instance shall the dimensions 
excecd the specified minima or maxima, 


5.7.7.3 Stair Ladders. - Stair ladders should be designed to conform with 
the recommended dimensions in Figure 27. In no instance shall the given 
dimensions exceed the specified minima or maxima. The tread rise shail 

be open at the rear, Landings should be provided every tenth or twelfth 
tread. The surface of treads on exterior stair ladders should be con- 
structed of open grating material or should be treated with nonskid 
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Figure 22. STANDARD CONSOLE DIMENSIONS KEY 
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Figure 23. EXAMPLE OF HORIZONTAL WRAP-AROUND CONSOLE 
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Figure 24. EXAMPLE OF VERTICAL/STACKED SEGMENTS 
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Figure 25. TYPE OF STRUCTURE IN RELATION TO ANGLE OF ASCENT 
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DIMENSION 





11.00°*- 12.00°’ 









Tread depth (including nasing) 12.00°° 





8.00°' 6.50°"-7.00°° 









Riser height 





Depth of nosing (where opplicable) 1,50" 1.00°’ 









Width (hondrail to hondroil): 









SGr0d 36.00°° 







One-way stoirs 











48.00°° 51.00°' 


Twa-woy stoirs 












-76.00"° 78.00°" 


Overhead clearance 









33:0¢" 





30.00°° 





Height of handrail (fram leading edge of tread) 









125.7 ¥.50°" 





Handrail diometer 









1.75°° 3.00°° 





Rail clearance fram wall 


Figure 26. STAIR DIMENSIONS 
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Treod depth ronge: 

For 50° rise 

For 75° rise (apen lodders anly) 

Riser height 

Width (hondroil to handrail) 

Overheod cleorance 

Height of handroil (fram leading edge of tread) 
Hondroil diometer 


Roil clearance fram wall 


10.00°’ 


5:50" 


12.00°’ 


24.00°" 


37.00°’ 


3.00°° 


Figure 27. STAIR-LADDER DIMENSIONS 
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MINIMUM RECOMMENDED 


1750": 1.40°° 











Rung thickness: 















Wood eal2on 












O75. 150" 1.40°° 






Pratected metol 


















100" 1.50°° 1.40°° 


Corrosive metol 












Rung spocing 9.00°° 16.00°° 12200"" 
















Height, rung to landing 6.00"° Rung Spacing Rung Spacing 
















Width between stringers 12.00°" 18.00°*- 21.00°° 











Climbing clearance width 24.00°’ 30.00°" 





Clearonce depth: 








F In back of ladder 






G On einbine side (range) 






Height af stringer above landing 






Figure 28. FIXED-LADDER DIMENSIONS 
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material conforming with specification MIL-W-5044 applied in accordance 
with specification MIL-W-5050. Stair ladders shall be of metal construc- 
tion. Handrails shall have nonslip surfaces. 


5.7.7.4 Fixed Ladders. - Fixed ladders should te designed to conform 
with the recommended dimensions in Figure 28. Inno instance shall 

the dimensions exceed the specified minima or maxima. Fixed ladders 
which are used to provide access to multiple levels should be offset at 
each successive level. Guardrails should be provided around the opening 
at the top of each fixed ladder. Safety caging should be provided around 
fixed ladders which are more than 20 feet (6.1m) high. 


5.7.7.5 Ramps 


5.7.7.5.1 Cleating. = Where special environmental conditions require 
cleating of pedestrian ramps, the cleats should be spaced 14 inches (35cm) 
apart and extend from handrail to handrail at right angles to the line of 
traffic. 


5.7.7.5.2 Mixed Traffic. - When a ramp is required for both pedestrian 
and vehicle traffic, the vehicle surface should be located in the center 
of the ramp, with the pedestrian surface next to the handrails. (A 
vehicle ramp with an adjacent pedestrian stairway is preferred for this 
Situation.) 


5.7.7.6 Personnel Platforms and Work Areas. - The surfaces of exterior 
personnel platforms and work areas shall be constructed of open metal 
grating. Exterior personnel platforms for which utilization of open 
grating is impractical, and interior walkways shall be treated with nonskid 
material conforming to specification MIL-W-5044, applied in accordance 
with specification MIL-W-5050. All open sides of personnel platforms 
shall be equipped with guardrails (with intermediate rails), with a top 
rail height not less than 42 inches (107cm) and a toeboard or guard screen 
not less than 3 inches (76mm) in height. Hand holds shall be furnished 
where needed. The distance between the platform edge and the centerline 
of the railing should not exceed 2-1/2 inches (64mm). 


5.7.7.7 Elevators, Inclinators and Hydraulic-Operated Work Platforms. 
Where these items are required, the following shall be provided: 


a. Maximum load signs shall be used and located where they can be 
easily seen. 


b. Guards shall be used on the controls to prevent accidental 
operation of the lift. 


¢. Limit stops shall be used to prevent injury to personnel and damage 
to equipment. 
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d. In case of failure of the lift mechanism, an automatic fail- 
safe brake or otner self-locking device shall be engaged. Provision 
for manually lowering the platform or elevator should be provided when 
feasible. 

mes For open platforms, provisions of 5.7.7.6 shall apply. 
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5.7.8 Ingress and Egress 


5.7.8.1 Doors. - Vertical and sliding doors shall never be installed 
as the only personnel exit from a compartment. When a sliding door is 
used, a separate hinged door in the sliding door should be provided for 
personnel use. Fixed equipment shall be at least three inches (7.6cm) 
from the swept area of hinged doors. 


5.7.8.2 Hatches , 


5.7.8.2.1 Configuration. - Wall hatches shall be flush with the floor 
where structural considerations will permit this arrangement. Hatches 
shall open with a single motion of the hand or foot. 


5.7.8.2.2 Force Requirements, - When a handle is used for unlocking a 
hatch, the unlocking force required shall not exceed 20 pounds (9.07 kg). 
Hatches placed in the overhead position should require no more than 30 
Bounds €22.7 «s) force for opening and should te operabie by a suitaniy 
equipped and clothed user with 5th percentile arm and hand strength, 

The force of gravity should be used, where possible, for ease of opening. 


5.7.8.2.3 Dimensions. - Hatches shall accommodate suitably equipped and 
clothed user personnel in terms of limiting dimensions (see 5.6.3.2) for 
location and operability, and gross dimensions (see 5.6.3.1) for size 

and passage factors. Where personnel must carry equipment through the 
hatch, allowance shall be made for clearance of suitably clothed 95th 
percentile hands and/or arms, as applicable. Where possible, hatch 
dimensions shall conform to the requirements of 5.7.8.3. 


5.7.8.3 Whole-Body Access. - Dimensions for rectangular access openings 
for body passage shall be no less than those dimensions shown in Figure 29. 
Minimum diameter for circular hatches shall be 30 inches (76 cm). Where 
rescue of personnel may be required because of environmental hazards (e.g., 
toxic fumes) within the work place, larger access openings for two-man 
ingress and egress may be necessary. Where "step down!' through a top 
access exceeds 27 inches (69 cm), appropriate foot rests or steps shall 

be provided. 


5.7.9 Equipment Colors 
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Figure 297. WHOLE BODY ACCESS OPENING 
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5.8 ENVIRONMENT 


5.8.1 Heating, Ventilating, and Air Conditioning 


5.8.1.1 Heating. - Heating shall be provided within mobile personnel 
enclosures utilized for detail work or occupied during extended periods of 
time to maintain interior dry bulb temperature above SO°F (10°C). A 
minimum of 68°F (20°C) shall be maintained within permanent and semi- 
permanent facilities. Heating systems shall be designed such that hot 
air discharge is not directed on personnel, 


5.8.1.2 Ventilating. - Adequate ventilation shall be assured by introduc- 
ing a minimum of thirty cubic feet per minute per man into any personnel 
enclosure; approximately two-thirds snould be outside air. Air shall be 
moved past the man at a rate less than 100 feet (30m) per minute -- 65 feet 
(20m) per minute if possible. Under chemical-bacteriological or radio- 
logical conditions, ventilation requirements should be modified as required. 
Ventilation or other protective measures shall be provided to keep gases, 
vapors, dust, and fumes below the maximum allowable concentrations 
specified in the American Conference of Governmental Industrial Hygienists 
Threshold Limit Values. Intakes for ventilation systems shall be so located 
as to minimize the introduction of contaminated air from such sources as 
exhaust pipes, etc. 


5.8.1.3 Air Conditioning. - Air conditioning shall be provided if the 
effective temperature within personnel enclosures utilized for detail work 
during extended periods exceeds 85°F (see Figure 30). Air conditioning 
Systems shall be designed such that cold-air discharge is not directed on 
personnel. 


5.8.1.4 Humidity. - Humidity values should approximate 45 percent 
relative humidity at 70°F. (21°C). This value should decrease with 
rising temperatures, but should remain above 15 percent to prevent 
irritation and drying of body tissues, e.g., eyes, skin, and respiratory 
tract (See Figure 31). 


5.8.1.5 Temperature Uniformity. - In providing for heating and cooling 
of enclosed areas, it is important that the temperature of the enclosed 
area be held relatively uniform. The temperature of the air at floor 
level and at head level should not differ significantly (maximum of 

10 F°). ; 


5.8.1.6 Personal Equipment Thermal Control. - When special protective 
clothing or personal equipment, including full and partial pressure suits, 


fuel handler suits, body armor, aretic clothing and temperature regulated 
clothing are required and worn, a comfort micro climate between 68°F (20°C), 
l4mm Hg ambient water vapor pressure and 95°F (35°C), 3mm Hg ambient water 
vapor pressure shall be maintained by heat transfer systems. 


5.8.1.7 Thermal Tolerance and Comfort Zones, - Temperature and humidity 
exposure should not exceed the tolerunce limits given in Figure 31 when 
corrected for air flow rate (Figure 30). 
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5.8.2 Illumination. - Where equipment is to be used in enclosures and 
is not subject to blackout or special low-level lighting requirements, 
{llumination levels shall be as specified by Table VIII and shall be 
distributed so as to reduce glare and specular reflection. Capability 
for dimming shall be provided. Adequate illumination shall be provided 
for maintenance tasks. General and supplementary lighting shall be used 
as appropriate to insure that illumination is compatible with each task 
situation. ' Portable lights should be provided for personnel performing 
visual tasks in areas where fixed illumination is not provided. For 
display lighting, see Table IX. 


5.8.3 Acoustical Noise 


5.8.3.1 Hazardous Noise. - Equipment shall not generate noise in 
excess of maximum allowable levels prescribed by HEL Standard S-1-63, 
AFR 160-3, BuShips Specification S-1-10, BUMEDINST 6260.6, MIL-STD-740, 
or MIL-A-8806, as applicable. 


5.8.3.2 Control. - Noise generation and penetration shall be controlled 
'to the extent that acoustic energy will not cause personnel injury, inter- 
fere with voice or any other communications, cause fatigue, or in any 
other way degrade over-all system effectiveness. 


5.8.3.3 Speech Communication 


5.8.3.3.1 Articulation Index. - Facility and equipment noise shall be 
controlled to levels that will permit necessary voice communications. 

Where such communication is extremely critical and the system does not 

yet exist, acoustic acceptability shall be based on the Articulation Index 
determined by the 20-Band Method. Where only sentences need to be 
recognized, the AI shall be at least 0.3; where isolated words are critical, 
the AI shall be at least 0.5; and where separate syllables must be intelli- 
gible, the AI shall be at least 0.7. 


beam. s.2 speech Interference Level. - If the noise spectrum is rela- 


tively flat and steady, and communication requirements do not exceed an 
estimated AI of 0.5, acoustic acceptability may be based on the Speech 
Interference Level. For example, where normal voice communication is 
required at a distance of 9 feet (2.7m), the SIL skuuld not exceed 45 dB; 
at 18 feet (5.5m), the SIL should not exceed 40 dB; etc. (see Figure 32). 


5.8.3.3.3 Maintenance Areas. - In areas where maintenance requires 
occasional, non-electrically aided voice communication, the noise level 
generated by equipment shall not exceed the sound pressure levels shown 
for various octave bands on Noise Criterion (NC) Curve 70 in Figure 33. 
Where intermittent direct communication and occasional telephone con- 
versation are necessary, the level should not exceed NC-60, 
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TABLE Vill. SPECIFIC TASK ILLUMINATION REQUIREMENTS 


ILLUMINATION LEVELS 


FOOT CANDLES* 





WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM 


Assembly, missile campanent 100 50 


Assembly, general 
coarse SO 30 
medium 7s 50 
fine 75 





precise 


Bench work 


raugh 50 30 
medium 75 50 
fine 150 100 
exiro fine 300 z00 


Business machine oaperatian 


(calculator, digital, input, etc.) 


100 50 

Console surfoce SO 30 | 
g 

Corridors 20 10 ' 
i 

Circuit diagram 100 50 
Dials | 50 30 | 
Electrical equipment testing 50 30 
Emergency lighting oe 3 
Goges ; 59 30 : 
Hallways 20 10 


* As measured at the task abject ar 30 inches above the flaor. 


(Cantinued) 
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TABLE VIII (Continued). SPECIFIC TASK ILLUMINATION REQUIREMENTS 





FOOT CANDLES* 









WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM 





Inspectian tasks, general: 






rough s 50 ne 30 
medium : 100 50 
fine ae ie 






extra fine 


Meters 50 30 


Missiles: 


repoir and servicing 


staroge areas 
general inspectian 


Office wark, general 
Ordinary seeing tasks 50 30 


Panels: 





-" front 


reor 










Reading: 
large print . ; 30 10 
newsprint 50 30 
handwritten reparts, in pencil 70 50 
small type a a 






pralanged reading 






Repair wark: 


general 
instrument 


* As measured at the task abject or 30 inches above the flaar. 


(Cantinued) 
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TABLE Vill (Concluded). SPECIFIC TASK ILLUMINATION REQUIREMENTS 


FOOT CANDLES* 
WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM 


Scales 

Screw fastening 
Service areas, general 
Stairways 


Starage: 


inactive or dead 
general worehause 
live, raugh ar bulk 
live, medium 


live, fine 
Switchboards 
Tanks, cantainers 


Testing: 


raugh 
fine 


extra fine 


Transcribing and tabulatian 


NOTE: Same unusual inspectian tasks may require up ta 1,000 faat candles af light. 


NOTE: Asa guide in determining illuminatian requirements the use of a stee! scale with 1/64 inch 4 


divisians requires 180 faot candles af light far aptimum visibility. 


* As measured at the task abject ar 30 inches above the flaar. 
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TABLE 1X. RECOMMENDATIONS FOR DISPLAY LIGHTING 


CON OI TION 
OF USE 


LIGHTING 
TECHNIQUE 


BRIGHTNESS 
OF MARKINGS 
(ft —L) 


BRIGHTNESS 
ADJUSTMENT 





Indicator reoding, 
dork odaptotion 
neces sory 


Indicator reoding, 
dork adoptotion 
not necessary but 
desirable 


Indicotor reoding, 
dork cdaptotion 
not neces sory 


Ponel monitoring, 
dork adoptotion 
necessory 


Ponel monitoring, 
dork odoptation 
not necessory 


Possible exposure 
to bright floshes, 
restricted daylight 


Chort reoding, 
dork odoptotion 
necessory 


Chort reoding, 
dark odoptotion 
not necessory 


Red fload, indirect, 


or both, with oper- 
otor choice 


Red or low-color- 
temperoture white 
fload, indirect, or 
both, with operotor 
choice 


White flood 


Red edge lighting, 
red or white flood, 
or both, with oper- 
otor choice 


White flood 


White flood 


Red or white flood 
with aperotor 
choice 


White flood 
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0.02-1.0 


1.0 - 20.0 


10.0 - 20.0 


10.0 - 20.0 


0.1-1.0 


(on white portion of chart) 


Continuous through- 
out ronge 


Continuaus through- 
out ronge 


Fixed or continuous 


Continuous through- 
out ronge 


Fixed or continuous 


Fixed 


Continuous through- 
out range 


Fixed or continuous 





Speech Interference Level (dB) 





$% 
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== Normal Voice 


Distance (ft) 


Figure 32. SPEECH INTERFERENCE LEVELS FOR 
VARIOUS DISTANCES AND VOICE LEVELS 
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NOISE CRITERIA (NC) CURVES FOR SPEECH COMMUNICATION 


Figure 33. 
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5.8.3.3.4 Operational Areas. - In offices, shops, and other areas where 
equipment is used regularly by operating personnel and continuous direct 
communication is required, the noise level shall not exceed NC-60 in 
Figure 33, Where frequent telephone communication is necessary in such 
areas, the level should not exceed NC-45. 


5.8.3.3.5 Aircraft. - In aircraft where high intelligibility is the 
governing factor in determining the allowable sound pressure levels, the 
Noise Criteria, Alternate, 65 dB curve is desirable and the Noise Criteria, 
Alternate, 70 dB curve will be the maximum allowable (see Figure 34), 


5.8.3.3.6 Other Areas. - The noise level in general offices, command 
and control centers, drafting rooms, and similar areas shall not exceed 
NC-40 in Figure 33- In areas where extreme quiet is required, the level 
should not exceed NC-30. 


5.8.3.4 Facility Design 


5.8.3.4.1 General Provision. - In the design of a workspace or facility, 
the ambient noise level shall be controlled to the optimum extent feasible 
through effective sound reduction or attentuation. 


53.-8.3.4.2 Attenuation by Materials and Layout. - Acoustic materials 
with high sound-abdsorption coefficients shall be provided as necessary 
in the construction of floors, walls, and ceiling to effect the resuired 
sound control. In the physical design and layout of rooms and work 
Stations, excessive noise shall be attenuated by such means as staggered 
construction of walls, staggering of doors in corridors or between rooms, 
and use of thick-paned or double-paned windows. Where applicable, sound 
baffles consisting of acoustical materials of appropriate size, shape and 


design shall be provided in proximity to noise-generating sources. 


§5.8.3.4.3 Reduction of Reverberation Time. - The acoustical treatment 
of facilities shall be sufficient to reduce reverberation time to the 
limits shown in Figure 35 with respect to space and intended use. 


5.8.3.4.4 Acceptable Sound-Conditioning. - The average roca sound 
absorption coefficient shall be at least 0.20, but should not exceed 0.50. 
When an existing room is to be improved acoustically, the total room 
absorption coefficient (or average coefficient) should be increased at 
least three times in order that the change in acoustical conditions will 
be definite and unmistakable. 


5.8.4 Vibration 


5.8.4.1 Whole-Body Vibrations. - Facilities and facility equipment 
shall be designed to preclude the transmission of whole body vibrations 
to personnel in the amplitude and frequency range above Line AA in 
Figure 36. 
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9.8.4.1 Whole Body Vibration. - Facilities and facility equipment _ 
shall be deSigned to control the transmission of whole body vibration 
to levels that will permit safe operation and maintenance as shown in 
Figure 36. In the case of multi-directional vibration, each direction 
is to be evaluated independently with respect to the limits presented, 


9.8.4.1.1 Safety Limits. - In order to protect Human Health, » Whole 
body vibration Shall not exceed twice the acceleration values shown on 


Figure 36 for the time and frequencies indicated, 


5.8.4.1.2 Proficiency Levels, =—- Where proficiency is required for 
operational and maintenance tasks, whole body vibration shall not 
exceed the acceleration values shown on Figure 36 for the time and 
frequencies indicated, 


59.8.4.1.3 Comfort Level. - Where comfort is to be maintained, the 
acceleration values (Figure 36) shall be divided by 3.15. 


5.8.4.2 Equipment Vibrations. - Where whole body vibrations of the 
human operator or parts of his body are not a factor, equipment should 
be designed so that oscillations will not impair human performance with 
respect to control manipulations or the readability of numerals or 
letters, Such equipment shall be designed to preclude vibrations in 
the shaded area of the upper curve of Figure 36, 
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Figure 36. VIBRATION EXPOSURE CRITERIA FOR LONGITUDINAL (UPPER 
CURVE) AND TRANSVERSE (LOWER CURVE) DIRECTIONS WITH 
RESPECT TO BODY AXIS 
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5.9 DESIGN FOR MAINTAINABILITY 
5.9.1 General 


5.9.1.1 Standardization. - Equipment shall be designed to incorporate 
standard parts to the maximum extent feasible. Standard parts should 
meet the human engineering criteria herein. 


5.9.1.2 Special Tools. - Special tools required for operational adjust- 
ment should be securely mounted within the equipment in a readily access- 
ible location. 

5.9.1.3 Modular Replacement. - The equipment shall be designed and 
constructed for replacement of small electronic assemblies by replacing 
modular packages in accordance with the provisions contained in MIL-E- 
11991. All equipment shall be designed in such a manner that rapid and 
easy removal and replacement can be accomplished by one man where 
structural and functional limitations permit, within the weight limit- 
ations contained in paragraph 5,9.11.3. 


5.9.1.4 Groupins of Functions. - The number of inputs to and outputs 
from each unit snall be kept to a mininum by grouping funetions so as to 
minimize criss-crossing of signals. 


5.9.1.5 Separate Adjustability. - Functions shall be so unitized that it 
wili oe possiole to check and adjust each unit sepacateiy, except where 
this would be inconsistent with established maintenance concepts. 


5.9.1.6 Malfunction Identification. - Equipment shall be designed to 
facilitate rapid and positive fault detection and isolation of defective 
equipment modules, assemblies, and components to permit their prompt 
removal and replacement. 


5.9.1.7 Removal, Replacement and Repair. - Equipment shall be designed 


for rapid and easy removal, replacement, or repair of malfunctioning units 
by one individual, unless such design is structurally or functionally not 
feasible. 


5.9.1.8 Assembly and Disassembly. - Equipment shall be designed to 
enhance the ease with which it can be assembled and disassembled. 


5.9.1.9 Clothing Constraints. - When applicable, equipment shall be 
designed so that it can be removed, replaced, and repaired by personnel 
wearing personal and special purpose clothing and equipment. 


p.9.1.10 Foolproof Design. - Efforts to attain standardization shall 


be accompanied by provisions to facilitate identification to preclude 
improper mounting and inscallation. These provisions shall include: 
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a. Physical measures to preclude interchange of units or 
components of a same or similar form that are not in fact functionally 
interchangeable. 


b. Physical measures to preclude improper mounting of units or 
components. : 


c. Measures (e.g., coding) to facilitate identification and inter- 
change of interchangeable units or components. 


d. Measures (e.g., alignment pins) to facilitate proper mounting 
of units and components. : 


e. Measures to insure that identification, orientation, and align- 
ment provisions include cables and connectors. 


5.9.2 Mounting of Components within Units 


5.9.2.1 Use of Two Dimensional Surface. - Parts should be mounted in 
an orderly array on a "two-dimensional" surface, rather than "stacked" 
one on another (i.e., a lower layer should not support an upper layer). 


5.9.2.2 Similarity. - Components of the same or similar form, but 
different functional properties, shall be mounted with a standard 
orientation throughout the unit, but shall be readily identitriabie 
and distinguishable, and shall not be physicaily interchangeable. 


5.9.2.3 Delicate Components. - Delicate components shall be located or 
guarded so that they will not be susceptible to damage while the unit is 
being handled or maintained. 


5.9.3 Adjustment Controls 


5.9.3.1 Calibration Adjustments, - Knobs should be selected in pre- 
ference to screwdriver adjustments whenever frequent adjustrent must 
be performed. 


5.9.3.2 Screwdriver Adjustments. - If screwdriver adjustments must be 
made without the aid of vision, mechanical guides for the screwdriver 
Shaft shall be provided or the screws shall be mounted so that the 
screwdriver will not move out of position, 


5.9.3.3 Reference Scale for Adjustment Controls. - A reference scale 
or any other appropriate feedback shall be provided for all adjustment 


controls. 
5.9.3.4 Control Limits. - Calibration or adjustment controls which are 


intended to have a limited degree of motion should be provided with 
adequate mechanical stops to prevent damage. 
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5.92325 Sensitive Adjustments. - Sensitive adjustment points shall be 
located or Guarded so that adjustments will not be disturbed inadvertently. 
Suitable hand or arm support shall be provided near the location to faci- 
litate making the adjustment in all cases where the operator is subjected 
to disturbing vibrations or acceleration during the adjustment operation. 


5.9.3.6 Hazardous Locations. - Internal controls should not be located 
close to dangerous voltases, rotating machinery, or any other hezards. 
If such location cannot be avoided, the controls shall be appropriately 
shielded and labeled. 


5.9.4 Accessibility 


5.9.4.1 Structural Members. - Structural members of units or chassis 
shell not prevent access to or removal of components. Revlaceable items 
shall not be placed in a manner which will make them difficult to remove. 
Where accessibility depends upon removal of panels, cases, and covers, 
measures shall be taken to insure that such items are not blocked by 
structural members or other items. 


5.9.4.2 Large Parts. - Large parts which are difficult to remove shall 
be so mounted that they will not prevent convenient access to other parts. 


mo.t.3 Use of Tools and Test Equipment. - Check points, adjustment points, 
test points, cabdles, connectors, and labels shall be accessible and visible 
during maintenance. Sufficient space shall be provided for the use of test 
equipment and other required tools without difficulty or hazard. 





5.9.4.4 Rear Access Units. - Sliding, rotating or hinged units to which 
rear access is required shall be free to oven or rovate their full distance 
and remain in the open position without being supported by hand. Rear 
access shall also be provided to plug connectors except where precluded by 
any other operational requirements. 









5.9.4.5 Relative Accessibility. - In determining the relative accessibility 

mt: wnits, those units which are critical to system operation and which require 
rapid maintenance shall be most accessible. When relative criticality is not 
@ factor, these units requiring most frequent access shall be most accessible. 


5.9.4.6 High-Feilure-Rate-Items. - The physical arranzement of units and 
components should be such that high-failure-rate items will be accessible 
for replacement without moving non-failed components or units. Mechanical 
replacement items shall be removable with common hand tools and simple oe 
handling equipment. 


5.9.4.7 Skills. - Access to units maintained by one technician should not 
require removal of critical equipment maintained by another technician, 
merticularly where highly specialized skills are involved. 
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5.9.5 Lubrication | 


5.9.5.1 General. - Units containing mechanical components shall be 
designed to permit lubrication of the components without disassembling 
the unit, or they shall not require lubrication for the life of the 
unit. Extended fittings shall be provided to lubricate parts not 
readily accessible or visible. . 


5.9.5.2 Labeling. - Where lubrication is required, the type of 
lubricant to be used and the frequency of lubrication shall be specified 
by a label mounted at or near the lube port. A lubrication chart of 
permanent construction shall be mounted at the operator station of the 
equipment; individual labels shall not be required when the equipment 
has only one type of fitting and uses only one type of lubricant. 


5.9.6 Unit Cases and Covers 


5.9.6.1 Alignment. - Covers or shields through which mounting screws 
must pass for attachment to the basic chassis of the unit shall have 
large enough holes to permit the screws to pass without perfect case 
alignment. 


5.9.6.2 Edges and Corners. - Edges and corners on cases and covers 
shall be rounded or otherwise finished to prevent injury to personnel. 


5.9.7 Cases 


5.9.7.1 Orientation of Units. - The proper orientation of a unit within 
its case shall be made obvious, either through design of the case or by 
means of appropriate labels. 


5.9.7.2 Removal-of Units. - When practical, cases shall be designed to 
be lifted from units rather than units lifted from cases, 


5.9.7.3 Size. - Cases shall be sufficiently larger than the units they 
cover to minimize the possibility of damaging wires or other components 
when the cases are put on or taken off. 


5.9.7.4 Guides. - Guides, tracks, and stops shall be provided as 
necessary to facilitate handling and to prevent damage to units and 
components, and injury to personnel. 


5.9.8 Covers 

i 7 
5.9.8.1 Securing of Covers. - It shall be made obvious when a cover is 
mot secured, even though it may be in place. 


5.9.8.2 Instructions. - If the method of opening a cover is not obvious 


from the construction of the cover itself, instructions shall be permanently 
displayed on the outside of the cover. 
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5.9.8.3 Clearance. - Bulkheads, brackets, and other units shall not 
interfere with removal or opening of covers on units within which work . 
must be performed. 


5.9.9 Access Openings and Covers 


5.9.9.1 Application. - An access shall be provided whenever frequent 
maintenance operations would otherwise require removing a case or 
covering, opening a fitting, or dismantling a component. 


3.9.9.2 Self-Supportine Covers. - All access covers that are not 
completely removable shall be self-supporting in the open position. 
Accesses (and covers) should be devoid of sharp edges to preclude hand 
injury and clothing damage. 


5.9.9.3 Labeling.-Each access should be labeled with nomenclature for 
items visible or accessible through it, nomenclature for auxiliary 
equipment to be used with it and recomuenced procedures for accomplishing 
operations. Accesses shall be labeled with warning signs, advising of 
any hazards existing beyond the access and stating necessary precaution. 
If instructions applying to a covered item are lettered on a hinged door, 
the lettering shall be properly oriented to be read when the door is 
open. Warning notices shall be clear, direct, and attention getting and 
of 25% larger letter size than any detailed instructions which follow 
(e.g., Danger! Deadly Shock Hazard! rather than Warning-High Voltage). 


5.9.9.4 Physical Access 


5.9.9.4.1 Arm and Hand Access. - Access openings provided for 
adjusting and handling interior items shall be sufficiently large to 
permit the required operations and where possible, provide an adequate 
view of the components being manipulated. Access covers shall be 
equipped with grasp areas or other means for opening them. The dimen- 
Sions of access openings for arms, hands and fingers shall be no less 
than those shown in Figure 37. Allowance shall be made for the clearance 
of the operator's gloved or mittened hand, as appropriate, if the access 
is located externally and may require servicing under arctic conditions. 
If a hazardous condition, such as exposed conductors energized with 
dangerous voltages, exist behind the access, the physical barrier over 
the access shall be equipped with an interlock that will de-energize the 
hazardous equipment when the barrier is opened or removed. Where 
physical access is required, the following practices shall be followed 
in order of preference: 


a. An opening with no cover unless this is likely to degrade 
system performance or safety. 
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MINIMAL TWO-HAND ACCESS OPENINGS WITHOUT VISUAL ACCESS 


Reoching with both honds to depth of 6 to 19 2S inches: 
Light clothing: Width: 8°’ or the depth of reach” 
Height: 5 ~ 
Arctic clothing: Width: 6°" plus 3 4 the depth of reach 
Height: 7: : 


Reoching full arm's length (to shoulders) with both arms: 
Width: 15 
Height: en 


Inserting box grosped by handles an the front: 


1 2°* clearance around bax, assuming adequate clearance 
around handles 


Inserting box with hands on the sides: 
Light clothing: Width: Bax plus 4.5°’ 
t Height: S*' ar 0.5°° araund bax * 
Arctic clothing: Width: Box plus 7"' 
t Height: 8.5°' of 0.5°" around box” 
* Whichever is larger. 
t lf hands curl cround bottom, allaw an extra 1.5°" far light 
clothing, 3°’ for orctic clothing. 








MINIMAL ONE-HAND ACCESS OPENINGS WITHOUT VISUAL ACCESS 
Height Width 
Empty hand, to wrist: —— — 
Bare hond, rolled: 375°" ar dia 
Bore hond, flat: Z.25° x» 40" 
Glave ar mitten: 4,Q°° 6.0°' 
Arctic mitten: 5.0°' 6.5=° 


Clenched hand, to wrist: 


Bore hand: a5 5.07: 
Glove or mitten: 4.5°° x 6.0° 
Arctic mitten: 7.0°° &.5°"" 


Hand plus 1°" dia object, to wrist: 
Bare hand: 3.75°° sq ar dia 
Glaved hand: 6.0°' sq ar dia 
Arctic mitten: 7.0°° sq ar dia 


Hand plus object aver 1°" in dia, ta wrist: 
Bare hand: 1.75'' clearance araund abject 
Glove ar mitten: 2.5°° clearance around object 
Arctic mitten: 3.5°° clearance oround abject 


Arm to elbow: 


Light clothing: 4.0°° x6 4.5°° oar 4,5°" dia 
Arctic clathing: 7.0°° sq or dia 
With abject: Clearances os obave 


Arm to shoulder: 


Light clathing: 5.0°° sq ar dia 
Arctic clathing: 8.5°° sq or dia 
With object: Cleorances as above 


MINIMAL FINGER ACCESS TO FIRST JOINT 


Push button occess: Bore hond: 1.28”° dia t 
Gloved hand: 1,.5°° dia 


Two finger twist occess: Bare hand: abject plus 2.0°' dia 
Glaved hand: abject plus 2.5"' dia Gust 











Figure 37. ARM AND HAND ACCESS DIMENSIONS 
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b. A sliding or hinged cap or door where dirt, moisture, or other 
foreign materials might otherwise create a problem. 


c. A quick-opening cover plate if a cap will not meet stress 
requirements. 


5.9.9.4.2 Whole Body Access. - See 5.7.8.3 


5.9.9.5 Visual Access, - Where visual access only is required, the 
following practices shall be followed in order of preference: 


a. An opening with no cover except where this might degrade system 
performance. 


b. A transparent window if dirt, moisture, or other foreign materials 
might otherwise create a problem. 


c. A break-resistant glass window if physical wear, heat, or contact 
with solvents would otherwise cause optical deterioration. 


d. A quick-opening metal cover if glass will not meet stress or other 
requirements. 


5.9.10 Fasteners 


5.9.10.1 General, - The number and diversity of fasteners used shall be 
the minimum commensurate with requirements for stress, bonding, etc. 
Hand-operated fasteners shall be given preference; those requiring non- 
Standard tools shall not be used. 


5.9.10.2 Hinges and Tongue-and-Slot Catches. - Optimum use shall be made 


of hinges and tongue-and-slot catches to minimize the number of fasteners 
required, 


5.9.10.3 Captive Fasteners. = Captive bolts and nuts shall be used in 
situations where dropping such items might cause damage to equipment or 
create a difficult or hazardous removal problem. Captive fasteners 

shall be provided for access covers requiring periodic removal. Captive, 
quick-opening fasteners shall be provided on cases and covers, except where 
equipment performance would be jeopardized thereby. Whenever feasible, the 
same type and size of fasteners should be provided for all cases and covers. 


5.9.10.4 Size and Quantity. - If a hinged access panel or quick-opening 
fasteners will not meet stress, pressurization, shielding, or safety 
requirements, the minimum number of the largest screws consistent with 
these requirements shall be used. 


5.9.10.5 External-Grip Head. - Whenever possible, an external-grip head 


shall be provided on bolts requiring high torques (to reduce the need to 
drill out bolts with damaged slots). 
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5.9.10.6 Accessibility. - The heads of mounting bolts and fasteners 
should be located on surfaces readily accessible to the technician. 


5.9.10.7 Common Items. - Whenever possible, identical screw and bolt 
heads shall be provided to allow various panels and components to be 
removed with one type of tool. Combination bolt neads such as slotted 
hex head should be selected whenever feasible. 


5.9.10.8 Number of Turns. ~ Fasteners for mounting assemblies and 
subassemblies shall require only one complete turn, provided that 
stress and load considerations are not compromised. When bolts are 
required, the number of turns needed to tighten and loosen them shall 
be minimized. 


5.9.11 Unit Design for Efficient Handling 


5.9.11.1 Rests and Stands. - Rests or stands on which units can be 
placed should be provided, including space for test equipmenc, tools, 


and manuals whenever feasible. When permitted by design requirements, 
such rests or stands shall be part of the basic unit, rack or console 
chassis. 


5.9.11.2 Extensions. - Irregular, fragile, or awkward extensions, such 
as cables, wave guides, hoses, etc., shall be designed for easy removal 
from a unit before handling. 


5.9.11.3 Weight 


one, Linsey Litting 


5.9.11.3.1.1 Limits. - The weight limits in Table X shall be used as 
the maximum values in determining the design weight of items requiring 
one-man lif€ting, providing the item to be lifted is of convenient con- 
figuration (not more than 15" long, or 12" high) and handles or grasp 
areas conform to 5.,9.11.4; however, the limits in Table X are not 
applicable for repetitive lifting. Double the weight limits in Table X 
shall be used as the maximum values in determining the design weight of 
items requiring two-man lifting, providing the item to be lifted is of 
convenient configuration, handles and grasp areas conform to 5.9.11.4, 
and tne one-man limit, as stated above, is not exceeded for either man. 


5.9.11.3.1.2 Labeling. - Items weighing more than the one-man lift 
values of Table X shall be prominently labeled with weight indication 
and lift limitation, i.e., mechanical or two-man lift. Where mechanical 
or power lift is required, hoist and lift points shall be provided and 


clearly labeled... 
1S a 
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5.9.41.3.2 Carrying. - The limits of Table X are not applicable to 
tasks requiring carrying the item of equipment more than a few steps. 


(See 5.11.1) 


TABLE X. DESIGN WEIGHT LIMITS 


HEIGHT OF LIFT MAXIMUM WEIGHT 
ABOVE GROUND OF ITEM 


5 ft (152 em) 35 1b (16 kg) 


4 ft (122 em) 50 Ib (23 kg) 


3 ft (91 cm) 65 1b (29 kg) 
2 ft (61 em) 80 Ib (36 kg) 


1 ft (30 em) 85 1b (39 kg) 





5.9.11.4 Handles and Grasp Areas 


2 ee es & oo = a 


5.9.11.4.1 General. - All removable or carried units designed to be 
removed and replaced shall be provided with handles or other suitable 
means for grasping, handling, and carrying (where appropriate, by gloved 
or mittened hand). 


5.9.11.4.2 Location. - Whenever possible, handles or grasp areas shall 
be located relative to the center of gravity of the unit to preclude 
swinging or tilting when lifted. They shall be located to provide at 
least 2 inches (50.8mm) of clearance from obstructions during handling. 


5.9.11.4.3 Nonfixed Handles. - Nonfixed handles (e.g., hinged or 
fold-out) shall have a stop position for holding the handle perpendicular 
to the surface on which it is mounted and shall be capable of being 
placed into carrying position by one hand (where appropriate, by gloved 
or mittened hand). 


oe 
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§.9.11.4.4 Grasp: Surface, - Where a unit's installation requires that 
its bottom surface be used as a handhold during removal or installation, 


a nonslip grasp surface (e.g., grooved or frictional) shall be provided. 


5.9.11.4.5 Handle Dimensions. - Handles which are to be used with 
mittened, gloved, or ungloved hands shall equal or exceed the minimum 
applicable dimensions shown in Figure 38. 


5.9.11.4.6 Handle and Grasp Area Force Requirements. - Force require- | 


ments to operate handle and grasp areas other than controls covered by 
paragraph 5.4 shall not exceed the values in Figure 14. 


5.9.12 Mounting 


5.9.12.1 General. - Units shall be designed so that they cannot be 
mounted improperly. 


5.9.12.2 Tools. - Field removable units shall be replaceable by use of 
nothing more than common hand tools. 


5.9.12.3 Removal. - Units should be removable along a straight or 
slightly curved line, rather than through an angle. 


5.9.12.4 Alignment. - Guide pins or their equivalent shail be provided 
to assist in alignment during mounting, particulariy on modules that are 
connectors themselves. 


5.9.12.5 Coding. - All replaceable items shall be coded (i.e., keyed) 
so that it will be physically impossible to insert a wrong item. Coding 
by such means as color or labels shall identify the correct item and its 
proper orientation for replacement. 


5.9.12.6 Rollout Racks, Slides or Hinges. - Units which are frequently 
pulled out of their installed positions for checking shall be mounted 


on rollout racks, slides, or hinges. Rollout racks should not shift the 
center of gravity to the extent that the entire rack or console falls 
forward. If this possibility exists, the console or rack shall be bolted 
to the mounting surface or attached to the bulkhead. 


5.9.12.7 Limit Stops. - Limit stops shall be provided on racks and 
drawers which are required to be pulled out of their installed positions 
for checking or maintenance. The limit stop design shall permit con- 
venient overriding of stops for unit removal, 

5.9.12.8 Interlocks. = Where applicable, interlocks shall be provided 
to ensure disconnection of equipment that would otherwise be damaged by 
withdrawal of racks or drawers. 
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TYPE OF DIMENSIONS (in.) 
ILLUSTRATIONS HANDLE (Bore Hond) (Gloved Hond) (Mittened Hand) 
x ¥ Z X Y Zz x 1 Z 


Two-finger bor ; : : : : : Not Applicoble 


One-hond bor 5 : ; : . So 5.25 6.0 


Two-hond bor : : : ; : 3.5 TT.0 6.0 


Not Applicable 


Two-finger recess : : : i ; : Not Applicoble 


One-hond recess . : : : ‘ i 3.5 5525 520 


Finger-tip recess : : : . Not Applicable 


One-finger recess ; j : 3 Not Applicoble 





Curvoture of Hondle or Edge: Weight of Item Diameter (minimum) 
up to 15 lbs: D - 1/4 in. Gripping efficiency is best 
15 to 20 Ibs: D - 1/2 in. if finger can curl around 
20 to 40 Ibs: D - 3/4 in. handle ar edge to ony 
Over 40 Ibs: D-1 in. ongle af 120 degrees or 
T-bor Past: T- 1/2 in. better. 


W544 
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Figure 38. HANDILE DIMENSIONS 
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5.9.12.9 Braces, - Hinged units shall be provided with a brace or other 
means to hold units in the "out" position during checking or maintenance, 


5.9.12.10 Rear Access. - Sliding, rotating, or hinged units to which 
rear access is required shall be free to open or rotate their full 
distance and remain in the "open" position without being supported by 
hand, 


5.9.12.11 Lay-Out. - Units shall be laid out so that a minimum of 
place-to-place movements will be required during checkout. 


5.9.12.12 Covers or Panels. - Removal of any replaceable unit shall 
require opening or removing a minimum number of covers or panels. 


5.9.12.13 Frequency of Use. - When it is necessary to place one unit 
behind another, the unit requiring most frequent access shall be most 
accessible. 


5.9.12.14 High Frequency Access. - The physical arrangement of units 
and components shall be such that all high-failure items will be readily 
accessible for replacement without removing any non-failed components 

or units. Replaceable mechanical items shall be readily removable with 
common hand tools and simple handling equipment. 


5.9.12.15 Fasteners. - Unit installation shall require a minimum of 
fasteners, both as to numbers and types. 


5.9.13 Conductors 


5.9.13.1 Cables. = Conductors shall be bound into cables and held by 
lacing tape per MIL-T-43435 or equivalent means. 


5.9.13.2 Coding. - Cables containing individually insulated conductors 
with a common sheath shall be coded. 


5.9.13.3 Cable Clamps. - Long conductors, bundles or cables, internal 
to equipment, shall be secured to the equipment chassis by means of 
clamps unless contained in wiring ducts or cable retractors. 


5.9.13.4 Length. - Cables shall be long enough so that each functioning 
unit can be checked in.a convenient place. Extension cables shall be pro- 
vided where this is not feasible. se oc | 

5.9.13.5 Location of Test Cables. - If it is essential that test cables 
terminate on control and display panels, the test receptacles shall be so 


located that the test cables will not interfere with controls and displays. 
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5.9.13.6 Access. - Cables shall be routed so as to be readily accessible 
for inspection and repair. 


5.9.13.7 Susceptability to Abuse. - Cables shall be routed or protected 
in such a way that they may not be pinched by doors, lids, etc., walked 
on, used for hand holds, or bent or twisted sharply or repeatedly: 


5.9.13.8 Cable Protection. - If it is necessary to route cables and 
wires through holes in metal partitions, the conductors shall be 
protected from mechanical damage or wear by grommets or equivalent 
means. 


5.9.13.9 Identification. - Cables should be labeled to indicate the 
equipment to which they belong and the connectors with which they mate. 


5.9.14 Connectors 


5.9.14.1 Use of Quick Disconnect Plugs. - Plugs requiring no more than 


one turn, or other quick-disconnect plugs, shall be provided whenever 
feasible. 


5.9.14.2 Keying. - Plugs shall be so designed that it will be 
impossible to insert a wrong plug into a receptacle whenever the 
possibility exists. 


5.9.14.3 Identification. - Connecting plugs and receptacles shall be 
clearly identified by color, size, or equivalent means. 


5.9.14.4 Alignment. Plugs or receptacles shall be provided with 
aligning pins or equivalent devices to aid in alignment and to preclude 
inserting in other than the desired position. 


5.9.14.5 Aligning Pins. - Aligning pins shall extend beyond the plug's 
electrical pins to insure that alignment is obtained before the 
electrical pins engage. 


5.9.14.6 Orientation. - Plugs and receptacles shall be arranged so 
that the aligning pins or equivalent devices are oriented in the same 
relative position. 


5.9.14.7 Coding. - Plugs and receptacles shall have durable stripes, 
arrows, or other indications to show the positions of aligning pins 
or equivalent devices for proper insertion. 7 


5.9.14.8 Spacing. - Connectors shall be spaced far enough apart so 

that they can be grasped firmly for connecting and disconnecting. Space 
between adjacent connectors will depend upon the size and shape of the 
plugs, but shall not be less than 1] inch (25.4mn), except where connectors 
are to be sequentially removed and replaced and one inch clearance is 
available in the plane perpendicula. to the remove/replace sequence line. 
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5.9.14.9 Testing and Servicing. - The rear of plug connectors shall be 
accessible for testing and servicing, except where precluded by potting, 
sealing, or other requirements, 


5.9.14.10 Drawer Modules. - Drawer modules designed for "remove and 
replace’ maintenance shall be provided with connectors mounted on the 
back of the drawer and mated with connectors in the cabinet to accomplish 
electrical inter-connection between the drawer, other equipment in the 
rack and external connectors, where feasible, Guide pins or equivalent 
devices shall be provided to aid in alignment. 


9.9.14.11 Simplicity. - In electronic equipment, replacement items 
(e.g., modules and high-failure-rate components) shall normally be 
provided with simple plug-in connectors, 


59.9.14.12 Disassembly and Adapters. - Disassembly of connectors for 
reasons of changing pin connections should be easily performed without 
Special tools. When adapters are required, they shall be capable of 
being hand-tightened, : 


ao .lo Test Points. - For purposes of this standard, test points shall 
be classified as defined in MIL-STD-415. Test provisions and marking shall 
be as specified in MIL-STD-415, 


9.9.15.1 Adjustment. - Test points used in adjusting a unit shall be 
located cloSe to the controls and displays used in the aajusthient, 


9.9.15,.2 Trouble-Shooting. - Sufficient test points shall be provided 
So that it will not be necessary to remove subassemblies from assemblies 
to accomplish trouble-shooting. 


5.9.16 Test Equipment 


9.9.16.1 Storage, - Adequate storage space shall be provided within 
portable test equipment, its handling case, or lid to contain leads, 
probes, spares, manuals, and special tools, aS required for operation, 


9.9.16.2 Instructions. - Instructions for operating portable test 
equipment shall be provided on the face of the test equipment, in a lid, 
or in a special compartment. Where applicable, the instructions shall 
include a reminder to calibrate the equipment before uSing it. 


9.9.17 Failure Indications and Fuse Requirements 


9.9.17.1 Indication of Equipment Failure 
eee eee 


7 


59.9.17.1.1 Power Failure, - An indication shall be provided to reveal 
when power failure occurs, 


Iga 7 1.2 Out-of-Tolerance, 


=- Dis ,lv Shall be provided to indi 
) . ! ) } cate 
when equipment has failed or is not opeaucing within tolerance limits 
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5.10 DESIGN OF EQUIPMENT FOR REMOTE HANDLING 
§.10.1 General 


5.10.1.1 Compatibility. - Remote-handling tasks and equipment shall be 
planned and designed concurrently with the equipment and material to be 
handled by remote manipulation, so as to ensure their compatibility. 


5.10.2 Characteristics of Equipment to be Handled Remotely 


5.10.2.1 Alignment. - Self-alignment devices shall be provided for 
components which must be joined remotely. 


5.10.2.2 Disconnect. - Quick-disconnect devices shall be provided to 
reduce remote-handling difficulties. 


5.10.2.3 Fasteners. - All fasteners shall be captive and readily 
replaceable by remote-handling techniques. 


5.10.2.4 Lock and Latching Mechanisms. - Each lock or latching mecha- 
nism shall be operable from a single point, have a positive catch, and 
provide a clear visual indication of the latch position. 


5.10.3 Feedback. - Provision shall be made for transmitting information 
from remote work areas to the operator of the remote-handling system. 
Visual information shall be regarded as most critical, followed by 
kinesthetic, tactual, and auditory feedback. 


5.10.4 Manipulators 


5.10.4.1 Safety. - Power manipulators shall be provided with positive 
stops to prevent accidents. 


owe = bees 


5.10.4.2 Characteristics. - For tasks which require manipulative 
dexterity and load capacities of less than 20-25 pounds (9.1-11.3 kg), 
manipulators with the following characteristics should be provided: 


a. Position control (i.e., zero-order control in which the operator's 
control output directly determines the machine output). 


b. Mutual force reflection between control and effector. 


c. Seven degrees of freedom in motion and force control (i.e., 
three for translation, three for rotation, and one for gripping). 7 


5.10.4.3 Power Assist. - For tasks involving gross positioning of loads 
heavier than 25 pounds (11.3kg), electrically or hydraulically powered 
manipulators with rate control should be provided (i.e., the operator's 
control output directly determines the rate of change of the machine 
output). 
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§.10.5 Viewing Equipment cae 


§.10.5.1 General. - A viewing system shall be provided which gives the 
operator of a remote manipulator adequate information with respect to 
the three spatial coordinates of the workspace (i.e., X, Y, and Z). 


§.10.5.2 Direct Viewing. - When permitted by shielding requirements, 
provision shall be made for the operator to view the work directly 
through shielding windows, 


§.10.5.3 Viewing Angle. - In order to avoid distortion, requirements 
shall be minimized for direct viewing of objects either near the viewing 
window or at line-of-sight angles at incidences greater than 60°, 


9.10.5.4 Indirect Viewing, - Applicable viewing systems, such as closed 
Circuit television systems, periscopes, and microscopes, shall be 
provided to supplement direct viewing, where required by specific 
remote-handling situations. 


9.10.5.5 Coding. - Symbol- or pattern-coding should be used in 
preference to color-coding for television viewing. 


5.10.5.6 Lettering. - Letters, numbers, and important details which 
must be viewed by means of televiSion shall be light against a dark 
background. Glazed or reflecting surfaces shall be avoided. 


9.10.5.7 Stereo Viewing. - The two images produced by a stereoscopic 
periscope shall not differ more than 0.25% in magnification, 1 degree 
in elevation, 15 minutes of angle in vertical alignment, and 1 degree 
in horizontal alignment. (The stereoscopic effect of a single lens 
stereo system is poor at powers less than 3X and exaggerated at powers 
greater than 3X.) 


§.10.6 Illumination 


§.10.6.1 Reflected Light. - Lighting provided in remote work areas 
shall be such that reflected light, as measured at the operator's work 
Station (in direct viewing), will conform with the requirements of this 
standard, or as otherwise specified by the procuring activity. 


§.10.6.2 Threshold Viewing. - Monochromatic lighting should be provided 
when viewing conditions are near threshold, when high magnification 
powers are required, or when the operator is required to view the work 
at high angles of incidence through refractive materials. 
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5.11 SMALL SYSTEMS AND EQUIPMENT 


5.11.1 Portability and Man-Transportability. - Individual portions of 
equipment shall be designed so that, when carried, the weight of the load 
will be distributed through as many muscle groups as possible. Pressure 
should be avoided or minimized on sensitive areas, including large 
bloodvessels, nerves and areas lacking muscular padding. Design of load- 


_ carrying systems shall consider the weight and distribution of individual 


items to be carried by the user, See Table XI for weights of representative 
individual items, 


O.l1.1.1 Portability 


5.11.1.1.1 Weight. - Individual portions of equipment may weigh up to 

35 pounds (15.9 kg) if the load is balanced and is distributed over many 

muscle groups and it is not necessary for the system to maintain the 

pace of an infantry movement. » | 


5.11.1.1.2 Lifting Aids. - When necessary, lifting aids shall be provided 
to permit a second man to assist the porter in placing the load on his body, 


9.11.1.1.3 Configuration. = The load should be designed to permit freedom 
of movement. The shape cf the load should be free of sharp edges or 
projections that may be harmful to the porter or snag on undergrowth. The — 
shape and weight of the load should not interfere with: a 


a. The length of step. 


b. Movements of the head, 


OAL 8 ESO RR? Or 8 rere aw aa ed ice 
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c, The ability to raise and lower the load when going over obstacles. 
d. The ability to see where the feet are placed when walking. 
e. The ability to squat, 


9.11.1.1.4 Two-Man Carry. - Where the load is designed for two-man carry, 
a combination of stretcher type handles and shoulder Support should be used, 
if feasible. 


§5.11.1.1.5 Standardizatiun, - Maximum use should be made of standard load 
carrying systems or components, 


9.11.1.2 Man-Transportability. - Systems which include a requirement for 5 
man-transportability shall conform to the following provisions: 


CeO oe wee 


9.11.1.2.1 Weight. - Individual portions of equipment should be designed 
to weigh as little as possible if the system is to be manually transported 
by an individual on foot while maintaining pace with an infantry movement. 


ae ee — 
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TABLE XI. 


WEIGHTS OF INDIVIDUAL ITEMS (Basic Rifleman) 


WEIGHT 

ITEM Ib 

Uniform (see below) 1.1 
Vest, frogmentotion protective (medium) 8.5 
M-56 equipment w/existence lood (see below) 11.4 
Poncho w/liner 3.0 
Rifle, MI6E1 w/full mogozine 7.6 
Mogozines, M16, full (6) w/pouches (2) Bay 
Boyonet, M7 w/scobbord M8Al 0.9 
Grenodes, M26A1 (2) 2.0 
Mosk, protective w/cose nauk 
TOTAL 52.9 

UNIFORM, SUMMER, TEMPERATE 
Helmet, steel w/liner ond comoufloge cover 3.67 
Shirt ond trousers, fotigue (medium) 2. 50 
Underweor, socks, belt, hondkerchief 0.95 
Boots, combot (size 10W) _3.95 
TOTAL 11.07 
M-56 EQUIPMENT W/EXISTENCE LOAD 

Belt, pistol w/suspenders 1.67 
Aid pocket w/pouch 0.20 
Conteen ond cup w/cover (full) 3.15 
Entrenching tool, It wt, w/cover 2.00 
Pock, field 1.00 
Motch box, sunglosses ond cigorettes or condy 0.32 
Spoon, fork, knife 0.28 

1 set underweor, 1] pr socks 0.66 
Toilet orticles 0.530 
1/3 rotion 1.63 


TOTAL 
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11.41 


(kg) 


(5.0) 
(3.9) 
(5.2) 
(1.4) 
(3. 4) 
(2.6) 
(0. 4) 
(0.9) 
0.2) 


(24.0) 


(1.7) 
(1.1) 
(0. 4) 
(1.8) 


(5.0) 


(0.8) 
(0.1) 
(1.4) 
(0.9) 
(0.5) 
(0. 2) 
(0.1) 
(0. 3) 
(0. 2) 
(0.7) 


(5:2) 
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geal). 2.2 Lifting Aids 


a. Units for which no back-packing aids are required shall be 
equipped with handles Suitable for two-handed liftinz and 
Parrying. 


b. The provisions of sections 5.9.11.4.1, 5.9.11.4.3, and 
9.9.11.4.5 shall apply. 


c¢., One-man back-packed loads over 44 pounds (20 kg) shall be 
designed, and, if necessary, provided with lifting aids to 
permit a second man to assist the porter in placing the 
load on his body. 


9.11.1.2.3 Back-Packing Aids. - Back-packing aids shall be deSigned to 
distribute the load over as many muscle groups as possible by means of 
buttock and hip supports in addition to padded shoulder straps, Back- 
packing aids shall be designed to bring the center of gravity of the 


load as cloSe to the porter's spine at the waistline as possible, without 


any part of the load actually contacting the body. Aids shall not 


produce laterally unbalanced loads, interfere with normal head movements, 
limit squatting, or interfere with walking or climbing over low obstacles, 


5.11.1.2.4 Projections. - Loads shall be deSigned with a minimum of 


projections to prevent injury to personnel or entangiement in underyrowtn, 
Covers or cases may beprovided to meet this requirement, as specified by 


the procuring activity. 


fellei.2.o Standardization. - See 5.11.1.1.5. 


ra 


~ 


fel, 2 racking 


9.11.2.1 Gunner Environment. - Obscuration, shock and vibration should 
be so minimized as to permit resumption of tracking rapidly after firing, 


where required, 


9.11.2,2 Crank Size. - The size of tracking cranks, where used, shall 
be a function of rotation speed required: 


a. Maximum speed should be between 140 -— 200 RPM, 


b. Crank radius between 2.25 inches (57 mn) and 4.5 inches (114 mm). 


(1) High RPM requirement: smaller crank radius. 
(2) Low RPM requirement; larger crank radius. 
9.11.2.3 Two Dimensional Tracking. - A Sinzle control, e.g,, a joy 


stick or bill, should be used for two dimensional tracking rather than 
Separate controls for each dimension, 
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9.11.2.4 Supports, ~- Where a joy stick is wsed for tracking, a hand, 
wrist or forearm support (as appropriate) should de provided, 





9.11.2.5 Compatibility. ~ Movement of the tracking control shall be 


— i = 


compatible with expected or conventional control movements, 





9.11.3 Optical Instruments and Related Equipment 


9.11.3.1 - Visual Accommodation, - Any adjustment of the eyes beyond 
normal functional ability shall not be required, 


9.11.3.2 Orientation, ~- Optical instruments shall be oriented so 
that they are presented to the operator at a comfortable viewing angle, 


5.11.3.3 Exit Pupil Size, - In instruments requiring maximum illumination 
on the retina, the minimum exit pupil diameter for daylight viewing shall 
be 4 mm, for night time viewing, 8 mn, 


9.11.3.4 Spacing. ~ Eyepieces shall be designed so that the operator's 
eye can be placed in the exit pupil. The exit pupil shall be located at 
least 12 mm away from the last glass surface, 


9.11.3.5 Eye Relief. ~ When used with helmets, optical sights shall 
have a minimum eye relief of 15 mm, 


5.11.3.6 Binocular Viewing. ~ Where continuous use of a sight under low 
levels of illumination will exceed one minute, the single optical train 
shall be provided with two eyepieces., 


9.11.3.7 Magnification. ~ The eyepiece of instruments having a 
magnifying power of more than 4X shall be calibrated to accommodate 

the refracting qualities of the eyes of the individual user, (A single 
focus setting on instruments having a magnifying power of less than 4X 
provides a sufficient range of accommodation.) 


5.11.3.8 Focusing. ~ Focusing eyepieces shall have a graduated scale 
calibrated in diopters; the range of adjustment shall be at least Boks 
diopters, 


§.11.3.9 Binocular Instruments 


9.11.3.9.1 Adjustability. ~ The interpupillary distance of instruments 
shall be adjustable from 50 to 76 millimeters, 


5.11.3.9.2 Magnification. ~ Magnification differences to the two eyes 
shall not exceed 2, 


9.11.3.9.3 Balancing. - The amount of light emitted to the two eyes 
shall be balanced within 10%. 
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5.11.3.9.4 Ocular Pairing. - Oculars shall be paired to avoid size 
differences. 


5.11.3.9.5 Weight. -—- Hand-held binoculars shall weigh no more than 
2 pounds (0.9 kg). 


9.11.3.10 Jlluminated Sights and Reticles 


9.11.3.10.1 Night Operations, - Jlluminated reticles shall be_ 
provided for sights to be used during night operations, 


5.11.3.10.2 Color. - Blue shall not be used as the color illumination 
for reticles or sights, 


5.11.3.10.3 Dimming. - It shall be possible to gradually lower the 
brightness level of a sight until it is extinguished, 


5.11.3.16.4 Illumination Level. - The illumination level of a sight 
(once an adjustment is made) shall remain fixed under all conditions of 
vibration, 


9.11.3.10.5 Uniformity. - Illuminated sights shall be evenly 
illuminated by means of an opal diffuser or similar device, 


2=.11.3.10.€ Reticle Pattern. = The reticle pattern for illuminated 
sights should be a circle with tabs added to the side, ae 


9.11.3.10.7 Reticle Lines. - Reticle lines should be 0.5 minutes 
(visual angle) or more in thickness, They shall be thin enough so as 
not to obscure targets, but thick enough to be easily Seen. In any case 
their thickness should not exceed 2 minutes, 


9.11.3.10.8 Format. - Line reticles should be used in preference to 
reticles containing one, two, or three central spots. 


9.11.3.10.9 Cross or Circle. - A small cross or very small circle should be 
used in preference to a dot. 


9.11.3.10.10 Simplicity. - Complicated reticle patterns should be avoided. 
9.11.3.11 Eyecups and Headrests 


5.11.3.11.1 Orientation. - Any optical instrument that requires steady 
orientation of the eyes shall be provided with a headrest and/or eyecups. 
9.11.3.11.2 Material. - Eyecups shall be made of soft rubber or an 
equivalent material, 


Seleseltes Light Exclusion, - Eyecups shall be designed to exclude 
Stray light from entering the eyed. 
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§5.11.3.11.4 Compatibility. - Eyecups, headrests, and eyepieces shall be 
compatible with helmets, gas masks, and other ancillary equipment, 


5.11.3.11.5 Recoil. - In an optical instrument, the proper eye relief 
distance and exit pupil location shall beconsistent with the recoil 
characteristics of the weapon, 


5.11.3.11.6 Energy Absorption. - A headrest or brow pad shall be used 
to absorb energy which would otherwise be absorbed by the operator's 
head, 


5.11.3.11.7 Eyecup Design. - The radii of Figure 39 define a surface of 
revolution within which a satisfactory symmetrical eyepiece and cup must 
be designed if interferences with facial features are to be avoided, 
These should be applied to cushion forms when they are compressed to the 
maximum, 


~ 


9.11.3.12 Optical Material Maintenance 


9.11.3,.12.1 Modular Design, - Optical equipment should be designed 
utilizing the modular concept, i.e,, the interchangeability of optical 
assemblies within an instrument or optical modules that have multiple 
applications in equipment. 


9.11.3.12.2 Positioning Aids. =- Built-in aligning devices and other 
aids should be used wherever posSible for ease of positiuning optical 
assemblies within an instrument or optical modules that have multiple 
applications in equipment. 


9.11.3.12.3 Quick Release, - Quick-release methods of removing optical 
instruments should be used wherever practical. 


9.11.3.12.4 Collimation. - Optical instruments should be provided with 
built-in collimation features to allow field adjustment. 


9.11.3.12.5 Purging and Charging. - Where periodic purging and charging 
of optical instruments are required, an instruction plate indicating 
time interval and pressure requirements shall be provided on the 
instrument. 


9.11.3.12.6 Fittings, - Purging and charging fittings shall be 
accessible for required maintenance, 


9.11.3.12,7 Openings. - Readily accessible openings should be provided 
to facilitate replacement, adjustment, and cleaning of reticles, 


Deca? Light Bulb Access. -~ Light bulbs shail be located in an 
Bee location with su l1cient hand clearance to allow removal and 


replacement by Suitably Clothea 
3 : and equipped users with 
varying between Sth and 95th percentiles - 
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9.11.3.12.9 Bulb Replacement. bight bulbs should be removable and 
replaceable without the removal or disassembly of other components of 
ancillary equipment. 


5.11.3.12.10 Bulb Access, - The operator shall be able to remove and 
replace light bulbs from the front (operator end) of the optical device, 


9.11.3.13 Boresight Knob Locks 


Sebi sa13.1 Positive Locks, - Boresight knobs shall be provided with a 
positive lock. (The boresight settings shall not be changed when locking.) 


9.11.3.13.2 Lock-Unlock Resistance. -—- Boresight knob locks shall not 
require more than 10 pounds (4.5 kg) resistance to lock and unlock, 


9.11.3.13.3 Adjustment Operation. - Boresight adjustment knobs should 
be capable of being locked, unlocked and adjusted by suitably clothed 
and equipped users with hand dimensions varying between the Sth and 95th 
percentiles, 

9.11.3.14 Sight Mounts. 

9.11.3.13.1 Positioning. - Key and keyway, eccentric and keyway, and 


mounts, 


9.11.3.13.2 Leveling. - Leveling vial supports should be strong enough 
to prevent the displacement of the bubble under slight pressure, 
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